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Abstract

In order to predict the perfcrmance of a packed column and the effect cf the shape cf var-
icus packing materials cn the perfcrmance, a system, where carbon dioxide is abscrbed chem-
ically into the K;CO,—KHCO; buifer sslution containing NaOCI as catalyst, was employed for
the study. In this experiment, 1/4”, 3/8”, 1/2"-half Raschig ring and -half square made of

poly-propylene were used as packing materials.

k. and a were determined from experimental data by Danckwerts-plot methcd. The empirical
and semi-empirical equations for the fractional rate of surface renewal, height of transfer
unit and effective interfacial area were obtained as:

J5=0.03 (Re)~*
——=0.203 Re + ]
¢

where J, is defined as

[(Sc]”2 (Gr)-178 (%)stj

(a;-d)''*

(1—€)*

These equations were examined with the data from other investigators_as_well as’this work,
and found gocd agreements between them.
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Fig. 1. Schematic diagram of experimental apparatus
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Table 1. Characteristics of Packing Materials

packing materials ‘

half Raschig ring

] half square

nominal size Goch] | 14 | a8 | a2 | w4 | oas |1
heigh [eml | 0.680 LoLo | Lo \ 0.630 | 0.048 | 1265
outside diameter [em] | o615 | o8 | Lzs | — | = | -
inside diameter [em] [ 0.285 1 0.610 i 0.885 ‘ — l — ] —
width ml| - | - ] - 0.620 | 0.955 | 1.30
width eml'  — | = | = | o0 | oo | 130
wall thickness [em] G165 | 0.140 | 0.165 0130 | 0180 | 0180
total surface area  [em® | 1419 | 3.09 | 5386 | 1912 | 4073 | 7440
packing density #/cm®] ! 5.943 | 1.185 : 0. 810 j 3.982 [ 1.502 ‘I 0. 605
;:i;:;zg;ea - [%‘:] ] 8434 |2 5.8 } 1338 | 7.613 | 618 | 4.504
void fraction (1| os% | o6 | 0715 | 05 | 0618 | 070
cquiyalent diameter . remy |05 | om | Lo | esm | 08 | 1w
Table 2. Operating Condition
[K:COs7 |0.6~0.5  gmoless s
[KHCO.” |o. 25~0.45  gmole/! S/ i K
[KCI] [1.94+0.03  gmoles )
(NaOCl] |0~o. 25 - gmole// ‘ !
pH of solution I10.2~10.01 P
liquid viscosity | 1.201~1. 242 c.p. / / PR <
liquid density ! 1.17~1.19 g/em® / . ’ ’[
liquid temperature j 21+0.5°C e y g i
room temperature 24x=1°C |
O e o
total pressure , 1 atm. y kj‘j‘,J 3_1 ‘mio
packing height | £5 cm
gas velocity | 1€5. 6 cm3/sec. Fig. 2. Danckwerts plot for 1/2 inch half Rasching
superficial liquid velocity ;’0~1.5 cm/sec. ring at various liquid flow rates
of e} gdm &2rlzA0z (K.LCO0=0.6-+ e sz Algslgon KClo olze &
0. 02 g-mole/7, (KHCO;)=0. 25+0. 01 g-mole/?, A AL 9B A e 2o
(KCI)=1.94::0.03 g-mole// ¢] =& Lo L 2 Aol

EretZE w18 H 45 19808 8Y
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7. Nomenclature
a effective interfacial area per unit
packed volume. S (e
a: total surface area of packing material
per unit packed volume. Cem~1]
a, wetted area per unit packed
volume. e
A°  concentration of dissolved g-mole
gas A in bulk of liquid. { cm® J
A* concentration of dissolved
gas A at interface, in [;f—mol_e}
equilibrium with gas at cm?
interface.
b width of packing material defined
by eq.(1). Ccm]
Br thickness of liquid film. (em]
d  equivalent diameter of packing
material defined by eq. (1). Cem]
D diffusivity of dissolved gas A [cm?/sec]
f  ratio of @ to a:, defined eq.(2)
g gravitational acceleration [cm/gec?]
H. Theight of transfer unit, based on

liquid film(L/pkra). [cm]

Hi.w height of transfer unit for wetted

wall column. (cml

H R.R. half Raschig ring.
H.S. half square.

J»
k
kL
L

N

factor defined by eq. (12).

first order reaction rate constant. [sec™!]
liquid film mass transfer

cosfficient. Tcmy/sec]
superficial mass velocity of

liquid. [g/cm?esec’

number of plates per unit
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packed volume.

».p. polypropylene.

=]

over contact time.
S fractional rate of surface

average rate of absorption [g-mole
cm® sec

[#/cm?]

]

renewal, [em™1]
T  absolute temperature. [°K]
V' superficial liquid velocity. [cm/sec]
Z  length of liquid surface. [em]
Gr modified Grashof number, lgd®/v¥]
Re modified Reynolds number. [4 L/ay]
Se  Schmidt number. [u/pD]

Greek symbols
I"  liquid mass flow psr unit

perimeter. [g/cmesec]
-€ void fraction.
g contact time. [sec]
yz liquid viscosity. [g/cmesec)
V] kinematic viscosity. [cm3/sec]
e density of liquid. [g/cm?®]

©,¢",¢" functions definsd by eq.(10), (11),
(12).
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