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Abstract— Film- and continuous-phase mass transfer in liquid-liquid system was studied using a cocurrent laminar
wetted-wall column of a modified form. The film-phase mass transfer coefficients were measured by dissotution of
n-butanol, ethyl acetate and cyclohexanone in water, and the continuous-phase mass transfer coefficients measured by
the transfer of I, dissolved in continuous-phase of n-hexane and cyclohexane into the interface, where I, disappeared by
the instantaneous irreversibie reaction with NayS,05 in the aqueous film-phase. These coefficients could be analyzed
by the penetration theory and were in good agreement with Beek-Bakker model.
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Fig. 1. Velocity profile.
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Fig. 2. Experimental apparatus flow sheet.
. Feed tank (film phase)

. Feed tank (continuous phase)

. Water bath

. Constant head device

Condensor

Tubing pump

. Wetted-wall rod

. Run-off tube

. Sampling line (film phase)

10. Sampling line (continuous phase)
11. Needle valve (film phase)

12. Needle valve (continuous phase)
13. Two-way valve

14. Water jacket

T;, Ty, T3: Thermometer
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Fig. 3. Main part of wetted-wall column.

1. Liquid inlet 2. Air vent
3. Water jacket 4. Wetted-wall rod
5. Run-off tube 6. Drain

7. Adjustable screw 8. Flange
9. Liquid inlet 10. Liquid outlet
11. Nozzle 12. Liquid outlet
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Table 1. Physical properties of system used (25°C)
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Film phase (1)-solute- Phase P px104 Ci Dx 109 t

continuous phase (2) (kg/m3) (Pa-s) (kg/m3) (m2/s) (sec)

Water-n-butanol- 1 997 8.94 73.9 0.650 0.15-1.97
n-butanol 2 840 28.6

Water-cyclohexanone- 1 997 8.94 85.6 0.87 0.99-9.07
cyclohexanone 2 947 19.07

Water(PEG)-n-butanol- 1 997 27.84 86.6 0.57 0.43-3.12
n-butanol 2 840 28.60

Water-ethylacetate- 1 997 8.94 66.54 1.02 0.53-6.49
ethylacetate 2 899 5.11

Na,S,05(aq)-1o- 1 997.8 9.08 4.15 0.50-1.53
n-hexane 2 668.2 3.55

Na,S,05(aq)-1,- 1 997.9 8.95 2.25 0.46-1.18
cyclohexane 2 7559 6.78
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Fig. 4. Film-phase mass transfer dissolution of
ethyl acetate in water.
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Fig. 5. Film-phase mass transfer.
@ : water-n-butanol (A.V.=3.4%)
0: PEG(aq.)-n-butanol (A.V.=3.6%)
A: water-cyclohexanone (A.V.=2.9%)
A water-ethyl acetate (A.V.=3.3%)
O: water-MIBK[2] (A.V.=2.1%)
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Fig. 6. Continuous-phase mass transfer-transfer
of I, to interface from n-hexane and cyclo-
hexane,.

Driving force: inlet concentration, Cy ;,

®: 5x10-4 gmol/l I, n-hexane (A.V.=8.1%)

0: 10x 10~4 gmol/l I-n-hexane (A.V.=7.6%)

A: 5x107* gmol/l Iycyclohexane (A.V.=
9.3%)

&1 10x 1074 gmol/l I,-cyclohexane (A.V.=
8.7%)
0: 5x10-4 gmol/! Iytoluene [2] (A.V.=5.8%)
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Fig. 7. Continuous-phase mass transfer-transfer
of I, to interface from n-hexane and cyclo-
hexane,

Driving force: concentration, Cy », defined by
Eq. (14).

e: 5x10-4 gmol/l Iyn-hexane (A.V.=8.7%)
0: 10x10-4 gmol/l I n-hexane (A.V.=8.6%)

A: 5x10-* gmol/l Iycyclohexane (A.V.=
9.8%)

A1 10x 104 gmol/l Iycyclohexane (A.V.=
9.1%)
O: 5x10-4 gmol/! I toluene [2] (A.V. =6.9%)
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NOMENCLATURE

: velocity gradient at liquid-liquid interface, [//s]

. dimensionless variable, [a? DZ/v’]

. conc. of solute, [kg/m?]

: conc. of solute in main body of film-phase,
[kg/m’]

. conc. solute in continuous-phase defined by
eq. (14), [kg/m?]

: representative conc. of solute in continuous-
phase, [kg/m’]

: solubility of solute in film-phase, [kg/m’]

. diffusivity of solute, [m*/s]

. gravitational acceleration, [m/s?)

: mass transfer coefficient, [m/s]

. mass transfer flux, [kg/(ms)]

: pressure, [N/m?)

: volumetric flow rate of liquid, [m%s]

. radius of inner plane of core circulation region,
[m]

: radius of liquid-liquid interface, [m]

. radius of inversion plane of continuous-phase
flow, [m]

: radius of wetted-wall rod, [m]

. radius of inside wall of column, [m]

r : distance in radial direction, (m]

t : contact time between film- and continuous-
phase, [s]

: velocity, [m/s ]

. total mass transfer rate, [ kg/s ]
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Y, Y, Y: dimensionless variables defined by eq. (8)
z : distance in axial direction, [m]

Z : length of rod, [m]

Greek Letters

M . viscosity, [Pa-s]

p : density, [kg/m’
Subscripts

cir : circulation

i : liquid-liquid interface
in : inlet

out : outlet

1 : film-phase

2 : continuous-phase
Superscript

average value

REFERENCES

1. Hikita, H. and Asai, S.:3}s+38H (22 ), 28, 1017
(1964),

2. Asai, S., Hatanaka, J., Kimura, T., and Yoshi-
zama, H.: Ind. Eng. Chem. Res., 26, 483 (1987).

3. Beek, W.J. and Bakker, C.A.P.. Appl Sci. Res.,
10, 241 (1961).

4. Lynn, S., Straatemeir, Jr., and Kramers, H.:
Chem. Eng. Sci,, 4, 491 (1955).

5. Robert, D. and Danckwerts, P.V.: ibid., 17, 961
(1962).

6. Hikita, H. and Takatsuka, T.: Chem. Eng. J., 11,
131 (1976).

7. Hikita, H., Asai, S., and Himukashi, Y.: 3+¢-5-3}
(44, 31, 818 (1967).

8. Park, S.W., Park, PW., Kim, S.S., and Yun, JW.:
Hwahak Konghak, 25, 447 (1987).

9. Park, S.W., Han, S.B., Kim, S.S., and Park, T.Y.:
Hwahak Konghak, 26, 280 (1988).

10. Yang, S.S.: Thesis of Master of Science, Pusan Na-
tional University (1989).

11. Churchill, S.W. and Usagi, R.: AIChE J, 37, 1505
(1982).

12. Hanataka, J.: Chem. Eng. J., 28, 127 (1984).

13. Byers, C.H. and King, CJ.: AIChE J, 13, 628

(1967).



