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Abstract—The phenomenon of interfacial convection induced by mass transfer was investigated in aceton
-toluene-water systems. In particular, the Rayleigh effects were examined with the change in vertical direction
of mass transfer by inserting a porous membrane between two phases. The convective flow patterns were
visualized by the optical technique of shadowgraph and the periods of eddy generation were measured by a
specially designed photosensitive detector. In the present experiments, the interfacial-tension effects were
effectively suppressed by the membrane. The flow patterns of interfacial convection caused by the density
gradient effect were shown to be the type of thermals, which were generated periodically from the interface. The
generation period and the size of eddies decreased with increase in the concentration driving force. It was found
that the rate of solute transfer accompanied by buoyancy-driven convection increased 2-4 times as high as
that of the pure molecular diffusion for 5x10’<Ra<1, 5x10",
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Table 1. Summary of systems studied.

: Surface
System Density Tension Expected
Effect Phenomena
Effect
I Jpeer T1A No No Diffusion
Lower T
I Ezaeerr ’IT+A Yes No Convection
Upper T+A o
m Lower W No No Diffusion
Upper W _
v Lower T+A Yes No Convection
v Upper WA No Yes Convection
Lower T
Upper T .
Lower W+ A Yes Yes Convection

T =Toluene, A=Acetone, W=Water
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Fig. 1. Schematic diagram for the system used
in this study.
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Table 2. Physical properties of pure constituents of the system.

Constituent Temperature  Density (Kg/m®) Viscosity X102 Surface tension Refractive
[Poise) [dyne/cm) index
20C 998. 2 1. 0030 72.8 1. 3330
Water .
25T 997.0 0. 8903 72.6 1. 3320
20¢C 866. 7 0. 5860 28.4 1. 4967
Toluene .
25T 862. 3 0. 5520 27.6 1. 4941
20C 790. 5 0. 3220 23.4 1. 3559
Acetone
25T 784.4 0. 3040 23.2 1. 3960
s_ 4 = 9025) 5 Agatater of Alel Avhe ol

242 ¥4L gas chromatograph (Yanaco #t
Model C-80) ¢} &2 A&7 (Yanaco#t System
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212 “polyethylene glycol” - Ab&-3taict = 9 =
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Table 3. The condition of gas chromatograph.

Sample Toluene, Acetone, Water

Quantity for injection 2l

thermal conductivity
(T.C.D)
polyethylene glycol
(30 - 60 mesh)

Detector

Column material

length 1.8m

type coiled tube

diameter 2. 7mm
Oven temperature 125
Injection temperature  150C
T.C.D attenuator 40mV

T.C.D temperature 150C
He, 1 Kg/cm?

Carrier gas
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Table 4. Membrane filter characteristics of
polytetrafluoroethylene.

Property Value Condition
Material Polytetrafluoro-
ethylene
Thickness 0.015cm
Mean pore size | 0.2um
F . .
| | air 31/em* min |90 differen-
o tial pressure
E{ Methanol | 15m!/cm® min of 52cmHg
e
Porosity 70%

Bubble point 0.91Kg/cm®
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through membranes.
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Fig.4. Comparison of experimental and theoreti-
cal values for the system I with the me-
mbrane between toluene phases(depth =
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. The depth effect of the fluid layer on
the integral mass transfer unit area for
the system Vl(depth= 1. 5cm, 3cm, initial
concentration —=4wt%).
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NOMENCLATURE

Area (cm?)
Effective Area (cm?)
Concentration (g/cm®)
* . Concentration in equilibrium with other
phase
Diffusion coefficient (cm? [sec)
vifva
Fluid depth (cm)
Membrane thickness (cm)
Distribution coefficient (C,,,
a : Marangoni number based

Q9 2 2
[(ac‘ N, L? /uD?]

aQ QP >

1Ch,)
on flux

25~ o U

N, Mass flux (g/cm? sec)

Ra Rayleigh unmber based on flux [g
JuD?]

r? : D /D,

Sc :  Schmidt number (¢/D)

t : Time (sec)

to Exposure time (sec)
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Boundary layer thickness (cm)
Dimensionless time (t, D/Lz)
Viscosity (g/cm-sec)
Kinematic viscosity (u/p)
Density (g/crn3)

Eigenvalues

Subscripts

1
2
A
i

10.

11.

. Kim,

Phase 1
Phase 2
Acetone
Interface
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