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Abstract — Mathematical models for emulsion-type liquid membrane were compared and analyzed using
the experimental conditions of phenol removal from waste water. Overall extraction rate equation for a
single water-in-oil (w/o) emulsion globule was derived under the pseudo-steady state approximation.

By means of the concept of rate controlling step, each proposed model was proved good under each
investigator’s w/o emulsion preparation conditions, at least.

Some helpful w/o emulsion preparation schemes were proposed for the increase of extraction rate.
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Fig. 1. Schematic diagram of the emulsion- type

liquid membrane system.
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Fig.2. Mathematical models for emulsion- type
liquid membrane: (a) hollow sphere mo -
del, (b) advancing front(AF)model, (c)ad-
vancing front(AF)model with outer per-

ipheral membrane layer.
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Fig.3. Variations of external phase phenol con-

centration with time.
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Table 1. Comparisons of experimental conditions.
Experimental Investigators
conditions Ho et al (12] Kim et al. [15)
W/Q emulsion | Membrane phase 9% S100N 99% Mineral oil
preparation (a middle distillate and an
stage isoparaffinic solvent)
Surfactant 1wt% Span 80 1wt% Span 80
3wt% ENJ 3029
NaOH conc. of internal 1.5wt% 0.25 or 1.0wt%
aqueous phase
Volume fraction of the 0.36 0.5
intetnal aqueous phase in a
W /O emulsion globule
Stirring speed 12, 000 rpm 1, 300rpm
Preparation time 2 min. 10 min.
Temperature 23C 20 C
Internal droplet radius 0.5um 2.6um
Permeation Phenol conc. of initial 770 ppm 1, 000 ppm
stage using external phase
W/0/W Distribution Coefficient 0.52 0.13
Isi
emuisions Mixing intensity 400 rpm 600 rpm 200 rpm
Average radius of 0.05cm 0.03 cm 0. 0264 cm
W /0O emulsion
Dif fusion Oil phase 6.5X10 "em¥/s 4.527x10 "em?/s
coefficients Aqueous phase 9.98 %10 *em?/s 9,359 10 *em?/s
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Fig.9. Variations of rate controlling step with
radius change of the internal droplet(in
the case of R,=0.02cm; using the ex-
perimental data of Ho et al. (12]).
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Fig. 10. Variations of rate controlling step with
radius change of the internal droplet (in
the case of R,=0.08¢cm; using the ex-
perimental data of Ho et al. (12)).
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NOMENCLATURE

C, : phenol concentration in the outer pe-
ripheral membrane layer

C,, + membrane phase phenol concentration at
the emulsion surface

C, : membrane phase phenol concentration in
the reacted inner shell

C : membrane phase phenol concentration at

s

Rl
C,,s: membrane phase phenol concentration at
the reaction front
phenol concentration of the external
aqueous solution
C,s : aqueous phenol concentration at the

emulsion surface

D, : membrane phase phenol diffusivity

D, : aqueous phase phenol diffusivity

g : acceleration of gravity

k; : liquid phase mass transfer coefficient

k, : reaction rate constant between phenol
and NaOH at the inner reaction front

m : distribution coefficient of phenol be-
tween the aqueous and the membrane
phases

M, : average molecular weight of the external
aqueous phase

r . radius of the emulsion globule

r, : phenol transfer rate in the external
aqueous solution

1, : phenol diffusion rate in the outer pe-
ripheral meémbrane layer

r, : phenol diffusion rate in the reacted
inner shell

r, : reaction rate on phenol at the inner
reaction front

T, radius of internal reaction front

T ,perau: Overall phenol extraction rate

R, : initial radius of the unreacted inner
core

R, : radius of the w/o emulsion globule

R, : radius of the internal aqueous droplet
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time

elapsed time for mass transfer in the

external agueous phase

elapsed time for diffusion in the outer

peripheral membrane phase layer

elapsed time for diffusion in the inner

reacted shell

total time required to reach r,

fractional conversion of NaOH ( =1 —
Ir 3

(IT )

i

Greek Letters

Pm

4p

S ®

¢,

density of the external aqueous phase
molar density of NaOH

density difference between the con-
tinuous and the emulsion phases

viscosity of the aqueous phase

volume fraction of the aqueous phase in
a w/o emulsion globule for o <1 <R,
(=9, R, /R)*)

volume fraction of the internal aqueous
phase in 2 w/o emulsion globule

elapsed time fraction ( = t,/t,)
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