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Fig.1 Experimental aaparatus
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Table 1 Geometries of gas distributors

Plate dy[mm] P[mm] ny %) Pldy d,[mm)] Remarks
P-A20 2 7 253 5.16 35 Perforated
P-D20 2 20 31 0.63 10 plate

P-20 0.09 33 0.243 Porous
P-150 0.4 45 1 plate

Perforated plates were made of Acrylic resin with 3 mm thickness and
porous plates were made of brass with 5 mm thickness.
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Fig.2 Liquid-phase volumetric mass transfer coefficient
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Fig. 4 Sauter mean bubble diameter
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Fig. 5 Correlation of Sauter mean bubble diameter
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Fig. 6 Gas-liquid interfacial area
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Fig. 8 Liquid phase mass transfer coefficient
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Nomenclature

Ap = cross-sectional area of downcomer, m?

Ar = cross-sectional area of riser, m®

ag = specific interfacial area per unit gas-liquid
dispersion volume in riser, m™!

ar = specific interfacial area per unit gas-liquid
dispersion volume in column, m™

dy = bubble diameter, m

dy = hole diameter, m

d, = particle diameter, m

dys = Sauter mean bubble diameter, m

F = free area

A = Doppler signal of rising bubble, 1/s

Ky = liquid-phase overall mass transfer coefficient,
m/s

Krap = liquid-phase overall volumetric mass transfer

coefficient based on gas-liquid dispersion
volume in riser, 1/s

Kiar = liquid-phase overall volumetric mass transfer
coefficient based on gas-liquid dispersion
volume in column, 1/s

N = number of bubbles

ng = refractive index of air

ny = number of holes

P = pitch, m

T = total time of sampling, s

At =time, s

Uy = bubble rise velocity, m/s
Us = superficial gas velocity, m/s

= gas holdup in riser

= local gas holdup in riser

= liquid viscosity, Pa * s

= wave length of He-Ne Laser, m
= liquid density, kg/m’

= surface tension, N/m

A>*EHS

Literature Cited

Akita, K.; “Effect of Trace Alcohol on Mass Transfer in
Gas Bubble Column,” Kagaku Kogaku Ronbunshu,
13, 181-187 (1987)

Bello, R. A., C. W. Robinson and M. Moo-Young; “Liquid
Circulation and Mixing Characteristics of Airlift
Contactors,” Can, J. Chem. Eng., 62, 573-577 (1984)

Bello, R. A, C. W. Robinson and M. Moo-Young; “Gas
Holdup and Overall Volumetric Oxygen Transfer
Coefficient in Airlift Contactors,” Biotechrol.
Bioeng., 27, 369-381 (1985)

Chisti, Y., M. Kasper and M. Moo-Young; “Mass Transfer
in External-Loop Airlift Bioreactors Using Static
Mixers,” Can. J. Chem. Eng., 68, 45-50 (1990)

Choi, K. H. and W. K. Lee; “Circulation Liquid Velocity,
Gas Holdup and Volumetric Oxygen Transfer
Coefficient in External-Loop Airlift Reactors,” J.
Chem. Tech. Biotechnol., 56, 51-58 (1993)

Hills, J. H.; “The Operation of a Bubble Column at High
Throughputs I. Gas Holdup Measurement,” Chem.
Eng. J., 12, 89-99 (1976)

Kelkar, B. G, S. P. Godbole, M. F. Nonath and Y. T. Shah;
“Effect of Addition of Alcohols on Gas Holdup and
Backmixing in Bubble Columns,” AIChE Journal,
29, 361-369 (1983)



AHBERALT Y 7 P BB OWEBIRHEC B JIZTHEL S/ — L RmMOBE 181

Koide, K., S. Yamazoe and S. Harada; “Effects of
Surface-Active Substances on Gas Holdup and
Gas-Liquid Mass Transfer in Bubble Column,” J.
Chem. Eng. Japan, 18, 287-292 (1985)

McManamey, W. J., D. A. J. Wase, S. Raymahassay and K.
Thaynithy; “The Influence of Gas Inlet Design and
Gas Holdup Values for Water and Various Solutions
in a Loop-Type Airlift Fermenter,” J. Chem. Tech.
Biotechnol., 34B, 151-164 (1984)

Miyahara, T., H. Hamanaka, T. Takino, Y. Akagi and K.
Okada; “Gas Holdup, Gas-Liquid Interfacial Area
and Mass Transfer Coefficient in External-Loop
Airlift Bubble Column Containing Low Density
Particles,” J. Chem. Eng. Japan, 30, 958-961 (1997)

Miyahara, T., H. Hamanaka, T. Umeda and Y. Akagi;
“Effect of Plate Geometry on Characteristics for
Fluid Flow and Mass Transfer in External-Loop
Airlift Bubble Column,” J. Chem. Eng. Japan, 32,
689-695 (1999)

Miyahara, T., T. Umeda and Y. Akagi; “Gas Holdup,
Gas-Liquid Interfacial Area and Mass Transfer in an
External-Loop Airlift Bubble Column with a Porous
Plate,” The Bulletin of Okayama University of
Science, No.37A, 179-182 (2001)

Okada, K., Y. Nagata and Y. Akagi; “Effect of Packed Bed
on Mass Transfer in External-Loop Airlift Bubble
Column,” J. Chem. Eng. Japan, 29, 582-587 (1996)

Popovi¢, M. and C. W. Robinson; “The Specific Interfacial
Area in External-Circulation-Loop Airlift and a
Bubble Column-I Aqueous Sodium Sulphite
Solution,” Chem. Eng. Sci., 42, 2811-2824 (1987)

Popovié, M. and C. W. Robinson; “External
Circulation-Loop Airlift Bioreactors: Study of the
Liquid Circulating Velocity in Highly Viscous
non-Newtonian Liquids,” Biotechnol. Bioeng., 32,
301-312 (1988)

Popovié, M. and C. W. Robinson; “Mass Transfer Studies
of External-Loop Airlifts and a Bubble Column,”
AIChE Journal, 35, 393-405 (1989)

Salvacion, J. L., M. Murayama, K. Ohtaguchi and K.
Koide; “Effects of Alcohols on Gas Holdup and
Volumetric Liquid-Phase Mass Transfer Coefficient
in Gel-Particle-Suspended Bubble Column,” J.
Chem. Eng. Japan, 28, 434-442 (1995)

Schiigerl, K., J. Liicke and U. Oels; Biotechnology, in Adv.
Biochem. Eng., Edited by T. K. Ghose, A. Fiechter
and N. Blakebrough, Vol.7, pp. 1-81, Springer Verlag,
Berlin, Germany (1977)

Tadaki, T. and S. Maeda; “The Size of Bubbles from Single
Orifices,” Kagaku Kogaku, 27, 147-155 (1963)
Zieminski, S. A., S. Caron and R. B. Blackmore; “Behavior
of Air Bubbles in Dilute Aqueous Solutions,” Ind,

Eng. Chem. Fundamentals, 6, 233-242 (1967)



182 AT - EIREKH - STREER

Effect of Trace Ethanol on Mass Transfer in External-Loop Airlift
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In a bubble column, a trace surface active substance significantly affects the liquid flow and the mass transfer.
Experiments were carried out to understand the effect of addition of trace ethanol on mass transfer in
external-loop airlift bubble column with a perforated plate or a porous plate. As a result, the addition of trace
ethanol to water causes the increase in liquid-phase overall volumetric mass transfer coefficient, especially the
remarkable increase for porous plate. This is probably due to the fact that the bubble coalescence is hindered at
the plate and in the liquid, leading to the formation of small size bubbles, and the partial pressure of transfer
component becomes large. Remarkable increase in liquid-phase overall volumetric mass transfer coefficient for
porous plate may be attributed to the formation of small bubbles compared to perforated plate.



