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Abstract— By the simultaneous stripping of five organic solutes (benzene, carbon tetrachloride, chloroform,
1,2-dichloroethane, 1,1,2-trichloroethane) from water in the same bubble aeration tank, the overall volumetric mass
transfer coefficients for each solute were determined at various air flow rates. Using the relationship between the
overall volumetric mass transfer coefficient and Henry's law constant, the same volumetric gas-phase and liquid-phase
mass transfer coefficients for five organic solutes, respectively, were obtained simultaneously. The volumetric gas- and
liquid-phase mass transfer coefficients for organic solutes were then converted, respectively, using the relationships
proposed by Mackay et al.: k;aD 57 and k; aD;%5, into (kgalso, for sulfur dioxide gas and (k,a)q, for oxygen gas at
the air-water interface. The converted (k;a)o, were found in good agreement with the data of Shah et al., while the con-
verted (kga)s,, were found to be about twice as small as the data obtained by Botton et al.

A considerable increase in the volumetric gas- and liquid-phase mass transfer coefficients was observed when small
amount of sodium carbonate was added onto the bubble aeration tank. The increase in the volumetric mass transfer
coefficients was considered to result from the decrease in bubble size or increase in interfacial mass transfer area in
aqueous sodium carbonate solution.
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Fig. 2. Arm porous sparger used in this work.
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Table 1. Henry’s law constants of organic solutes and their diffusion coefficients, at 25°C.

compound solubility in vapor pressure?, Henry’s law constant, diffusion coefficient diffusion coefficient
waterd, g/m3 mmHg (kg/m3-Gas)/(kg/m3-Liquid)  in water, m2/s in air, m2/s
CCl, 800 113 0.993 %1079 8.191x10-6
CeHg 1780° 95b 2.24x101 1.005x 109 8.951 x 10-6
CHCl, 7840 192 1.57x 101 1.123x10-9 9.115x10-6
CH,CICH,Cl 8700 82 5.02 x 102 1.114x 109 9.156 x 106
CHCI,CH,Cl 4420 23 3.74x1072 1.006 x 109 8.185x 10-6

a. Values of Dilling [5], except where noted.
b. Values of Mackay [9].

c. Calculated by using the Wilke-Chang correlation,
or ref. 11.

with molecular volumes estimated as described in Table 3-11

d. Calculated by using the Fuller et al. correlation, with automic diffusion volumes estimated as described

in Table 11-1 of ref. 11.
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Table 2. Results of K, a for five organic solutes in air-water system: Values in parentheses are for same
solutes in air-0.03M Na,CO, aqueous solution system under identical conditions.

U102 K, a*103, s
m/s

CeHg CCl, CHCl4 CH,CICH,Cl CHCI,CH,Cl
0.25 4.3 (5.4) 5.3 (7.1) 9 (5.3)
0.46 8.0 (8.5) 9.6(12.1) 7 (8.1)
0.71 9.7(12.3) 8.8(11.4) 5.1 (6.0) 4.3 (5.1)
1.09 15.8(18.5) 13.9(16.4) 7.7 (9.3) 6.0 (8.3
1.68 20.7(25.6) 17.9(24.4) 10.2(13.7) 8.4(10.3)
2.48 26.5(35.7) 25.4(33.3) 17.0(16.7) 12.1(14.1)

stekEst M25T X6z 19874 12



o

KL’ organic solute, m/s & T
=] s
=
=

.

Bubble Aeration Tankol|A] 3 @A$71%¢)

300

Ug=0.0025m/s
200

1K a5

100

1 1
0 10 20 30
1/H, (kg/m3-Liquid)/(kg/m3-Gas)

Fig. 6. Relation of (1/K, a) versus (1/H).

-4, HAEHO|ZSBYAT, ka

Fig, 72 Fig. 621 plotolA] dojd f7] 8ol o
AALEH o] gk 42 sl lH Mo E o] ol
NAZ AN FTAT Ky organic somes 5715 Ug

ate] plotdh Zzbolc) Eab el4hviEE 0,03M
Lol Aol K, organic somtes Akita-Yoshida®l
[2]2F Al & 3he vebdgich,

Bubble aeration tankell4] k,acll ok od-F+= 4

> oAy 2 |"1° =

xo] alole] 45 ol e Aol didiolct e
Hy < Oi TLOHH 776\} 71%‘91 (kL a) organic solute."o“+
Abrel a4z FE delal ralel (ka)o,E AA

Al i5317] 218bed, Ky organic sormee® (10)40] 2] 5kod
ki, 0,2 Fhabslgleh, & el-telld Aleldl mel Fhe

Mackay$t Yeun[10]e] oi-fol]l 21Agle] 0,58 349

- O Water
® 0.03M Na,yCOj aqueous solution

.
i *-f o0 8o i
Akita-Yoshida[2]
0001 ' Y YR —
0.001 0.01 01
U, m/s

Fig. 7. Comparison with two liquid.

EAF 583

0.1

key liquid

L sparger ref.
®0.03M NayCO3 arm porous  chis work
aq. soln,
O Water arm porous this work
r 1 Water porous piate 15
2 Water perforate plate 13
3 WaLer i i 1
0.001L . . , singie nozzie LY
0.001 0.01 0.1
UG' m/s

Fig. 8. Comparison with the literature data.

Fig. 8ol #4132 k., o, 9 71-o4A wizez “E{
dojAl (k,a)e, e theE TAU A FebAe
aglell 4 ¥ojFg v} o] 2 EL R
7154 Hlel M AEEl sparger91 Aol utel 4
ka7t #7b 2le% EoiFm vl zEli Fhabsle
del®l (kea)o, = tH5AIE A4S Shah 51519
datast & °‘1] 3tz gloh, = EMREE 0,03M £
ol A 2] (k. a)e,7b B4l dofnl garh of &
e ‘%EMJ_ 3’14, | 2=, Fig, 7oA HoiF¢ v}
of 7Fe] k; 2] grol Qﬁw Ao Hel Fig, 4o el

—l
G 7lehAmA e edgelehe e @ 4 9l

}o :9_

Aéf,‘—j; 710

3-5. ZI4SEO|IEBHAST, ka
Fig, 9% Fig. 62 plotoll A ool F71gol ©h3
A Bg ek J]-lAE o o] ol

[‘

ol
)

\o

"é‘" E’.Q]EO_H]'T‘ kc‘organic sozuteT’_' % ]'?1’:7 U°ﬂ H?S‘
o] plotdt Azle|rt, 3} eMEE 0,03M &4
0‘01L
O Water
E L @ 0.03M Na,CO3 aqueous solution
ft o
3 O
$ I AL
: | .
S
™
0.001 i 1 Loy 1 R
0.001 0.01 0.1
Ug, mis

Fig. 9. Comparison with two liquid.

HWAHAK KONGHAK Vol. 25, No. 6, December 1987



584 234 - BREE

4
n  key liquid
0.67 e 0.03M Nay,CO3 aqueous
1 solution '
0.67 © Water
1 a Water
CO!
£ 2
% 0.4 P
= ¢
n
L C
0.08 i L i
0.001 0.01 0.1
Ug, m/s

Fig. 10. Comparison with the literature data.

AN ke organic sotute™ Ao e ke vehfa 9]
=y

Botton 5[3)¢ =Ml Fx9 SO, & TIske ¥
718t BAYEEEAT] FHeutEE o] &3hd
kealso, 5 FA3S ol Bt £ dTollA g&
(k6 2) organic sowtes ’%”d vlarsty| Y= koadd
7A-2led (11)4lel <&k ghabe] Fesich, Mackayot
Yeun[101¢] <l ol 97 35led n=0,67% 4t
( kea)so,, n=1% FI&(kea)so, 1l THI=
Fig, 100l viebfgicl, agleld RoiF= ule} 3ol
n=1% 3lo] ghalsl s seubg-E FakehE Botton
Ll3lel zkxk =7b elglth Sen#t Rane[14]9
Dual-Flow-Traye| <l-oldx, EF/] Aol 4] odelzl

Nggdolse Bakes Fubshe Axd

50~100% A% #rke = #sta 3}\\:}, sz 9o
Botton £[3]¢ datat =% #AA Fteldi kg aol
et i Hojs FEE wlms o 4 glaleh, =2
T EHMREE 0,03M SEeidoldel (kea)so, 7t
B&o4 odojAl gk of Z ghg e gl
o] 3k= Fig. ¥IA k.7t %vhe o2 F¥ Fig 4
o] 7)-oiA =He) delg 4 4 ek,
4, &4 =

1. g7 71EA el 5 gaA e AdEe] A
o] 241" & gl& AEHE, AT FEHATE
7| Z0] Agte| FAE 4 olv AREH 2 TS
t}, 2 ofPel4E 5% bubble aeration tankel4],

A

r%ﬂ

srStas M2 T M6 198743 12E

o
Foll B 714 Y HAER] GBS SAlel P
agict,

2. Mackay %°l At =4 .
kea D° ol ofsl 7iab wl o4 Sl %‘%”—ﬂfr
7b zbzk ghabslolch, ghakgl (kea)o,+= Shah %
datast & dA PRIl A (kea)so, © Botton
52l datast 2¢) A=o] A5 e

3. zgke| ehAhdEFo] A7 UE W ]
A Iig-"*ﬂ]-rA A F7hh dsdeh, ol A
EHPEE 58 FolAe] 7|2 278 i, 2
Lo EAmHe] 212 qldk Axied

)

NOMENCLATURE

A : total gas-liquid interfacial area, m?

a : gasliquid interfacial area per unit volume
of tank, m?/m?

Cq : gas-phase solute concentration, kg/m?

C,, Co : liquid-phase solute concestration s, respec-
tively, at time t and time zero, kg/m?

Dg . diffusion coefficient in gas-phase, m%/s

D, . diffusion coefficient in liquid-phase, m?/s

Fg : gas flow rate, m¥/s

H : Henry’s law constant, (kg/m®-gas)/(kg/m>
liquid)

Hg : tank height with bubbles, m

H, : tank height without bubbles, m

K,a : overall volumetric mass transfer coefficient,
s-1

k@ : volumetric gas-phase mass transfer coeffi-
cient, s-1

k,a : volumetric liquid-phase mass transfer coef-
ficient, s-1

t : time, s

Ug : superficial gas velocity, m/s

\ . total volume of bubble aerat;on tank, m?

Vg . volume of bubbles in tank, m3

v, : volume of liquid in tank, m3

X : axial distance variable, m

&g : gas holdup, dimensionless
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