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Abstract — In the present work the interfacial turbulence of a tributyl phosphate (TBP)-cthanol (EtOH)-
sodium hydroxide system was analysed through small disturbance theory and interfacial instability condi-
tions in the viewpoint of Marangoni effect according to physico-chemical and hydrodynamic properties
which were varied with the volume ratios of TBP to ethanol and drop diameters.
The interfacial instability condition was discussed in terms of the critical Marangoni number and the mass
transfer coefficients were correlated with dimensionless groups of Sh, Sc, Mo, and Jo as follows:
Sh=¢a {Sc M?"" 9 (Jo-0.857)4°7*
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Fig. 2. Experimental apparatus for mass trans-

fer measurement.
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Table 1. Physical properties of mass transfer systems.

continuous : TBP-EtOH containing HNO,, dispersed: NaOH aqueous solution at 25° +0.5C
~ kg-mole'/m3 keg/m* | kg/m/sx10° N/mXiO’ m’/sx10" N-m?/kg-molex 10? ,

TBP-EtOH (50/0) 0.598 998 4.83 2.38

NaOH solution 0. 146 1007 1.03 7.21 3.81

NaOH solution 0. 206 1010 1. 44 7.47 3.39
TBP-EtOH (50/2) 0. 569 988 4.68 2.91

NaOH solution 0. 146 1007 1.03 7.28 3.00

NaOH solution 0. 206 1010 1.44 7.26 2.96
TBP-EtOH (50/4) 0. 537 980 4.24 2.96

NaOH solution 0. 146 1007+ 1.03 7.30 2.85

NaOH solution 0. 206 1010 1. 44 7.51 2.84
TBP-EtOH (50/7) 0.525 968 3.73 3.28

NaOH solution 0. 146 1007 1.03 7.05 0.003
NaOH solution 0. 206 1010 1.44 7.07 1.81
TBP-EtOH (50/10) 0. 489 961 3.58 3.12

NaOH solution 0. 146 1007 1.03 6.31 107

NaOH solution 0. 206 1010 1. 44 6. 14 1.57
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"Table 2. Concentration,drop size and terminal
velocity range for mass transfer experi-
ments at 25°C.

A ARF

continuous phase TBP-EtOH (50/7) containing
HNO,

NaOH aqueous solution

0. 0607, 0.112, 0. 156, 0.241,

dispersed phase
conc. of HNO;,

kg mole/m? 0.351, 0.354, 0.622, 1.06
conc. of NaOH, 0.017, 0.0173, 0.0239,
kg mole/m? 0.0322, 0.141, 0.208

0.002-0. 005
terminal velocity, m/s }0.01-0. 05

drop diameter, m
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NOMENCLATURE
A : —TI" | Adsorption number, dimen-
dclco—cy)
sionless
Ar Aspect ratio for spheroid, dimensionless
d Interfacial area of drop, m?/m>
B Jerke , Interfacial turbulence number,
dimensionless
¢ : Concentration of solute or reactant,
kg mole/m3
¢, : Concentration at the interface,
kg mole/m>
Cu Concentration of nitric acid, kg mole/m3
c¢¥ : Equilibrium concentration of nitric acid,
kg mole/m3
¢, : Bulk concentration of solute, kg mole/m3
ce : Unperturbed concentration of solute,
kg mole/m3
¢’ : Perturbed concentration of solute,
kg mole/m3
c* Equilibrium concentration of solute,
kg mole/m3
Con Concentration of hydroxyl ion,
kg mole/ m3
D : Diffusivity of solute in continuous phase,
m2/s
Dr Diameter of detached drop, m
D, Surface diffusivity of solute, m2/ s
E, &gD—é , Eotvos number, dimensionless

F(£): Function of ¢, dimensionless
f(n), g(): Function of 7, dimensionless

g : Gravitational acceleration, m/s2
Ho Function defined by eqn. (21), dimension-
less

SIS Es M 24 H1S 19861 2

o
A7

q

Jo Function defined by eqn. (20), dimen-
sionless
| ' Mass transfer coefficient based on con-
tinuous phase, m/s
! Boundary layer thickness, m
M SL"—](;&——-C—‘), Marangoni number, dimen-
y7s
sionless
4
Mo : & “ 7‘?‘0 Morton number, dimensionless
0
Mc Critical Marangoni number, dimensionless
Pe P—FD& , Peclet number, dimensionless
P Growth rate constant of disturbance,
dimensionless
Re DrUrp , Reynolds number, dimension-
less
D6 oo s .
S Da. Surface diffusion number, dimen-
(4
sionless
Sc D Schmidt number, dimensionless
Sh kc% , Sherwood number, dimensionless
t Time, s
Ur Terminal velocity of drop, m/s
u,v: Small velocity components in x, and y
directions respectively, m/s
uc, ve: Unperturbed velocity components in x,
and y directions respectively, m/s
u’, v: Perturbed velocity components in x, and
y directions respectively, m/s
X Coordinate in the tangential direction, m
Cooridate in the vertical direction, m
a, Constants in eqn. (18), dimensionless
Ie d(cs -¢,), Unperturebed surface con-
centration in Gibbs adsorption layer,
kg mole/m?
Y Interfacial tension, N/m
22
& T Gibbs depth, m
8¢ Concentration boundary layer thickness
in continuous phase, m
] s‘y_ Dimensionless variable, dimensionless
c
] Contact time in penetration theory, s
!
A FX Ratio of the boundary layer thickness
c

to the concentration boundary layer
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iy, -
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thickness, dimensionless

Viscosity, kg/m s

Viscosity of continuous phase, kg/m s
9x10™% kg/m.s, Viscosity of water, kg/m s

Kinematic viscosity, m?/s
. X
! 5. Dimensionless variable, dimensionless

Density, kg/m3
: —%, Slope of linear variation with respect
C

to ¢, N m?2/kg mole
tD

Dimensionless time, dimensionless
c

@(7): (c-ci)/co-c:), Dimensionless concentration

%

Correction factor for interfacial area,
dimensionless
Wave number, dimensionless
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