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Abstract — The transient mass transfer in a single droplet system consisting of 1-octanol (continuous phase)/aqueous
succinic acid solution (dispersed phase) was investigated in the presence of chemical reaction, which is acid/anion
exchange reaction of succinic acid and tri-n-octylamine (TOA). This succinic acid extraction by TOA can be considered
to occur at the interface between organic and aqueous phase, that is, heterogeneous reaction system. The basic proper-
ties of the system such as viscosity, density, distribution coefficient, terminal velocity of droplet, and diffusion coeffi-
cient were measured experimentally or calculated theoretically, and used for theoretical calculation of characteristic
parameters of mass transfer later. The effects of succinic acid concentration on the terminal velocity was negligible in
the existence of TOA, although the terminal velocity increases with succinic acid concentration in the absence of TOA.
On the contrary, the terminal velocity decreases with TOA concentration. While droplets falls through organic phase, the
trajectory of droplets is observed to oscillate around its vertical path. A mass trnasfer cell was prepared to monitor the
mass transfer behavior in a single droplet and used to measure the mean concentration of succinic acid inside droplet.
The results are expressed with dimensionless parameters. Under 50 g/L succinic acid condition, the system with 0.1 mol/
kg TOA showed that the molar flux decreases in proportion to the decrease of concentration gradient, while in the case
of 0.5 mol/kg TOA Sh increases rapidly with time indicating the molar flux of succinic acid decreases relatively slowly
compared to the decrease in concentration gradient.
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Fig. 1. Schematic drawing of single droplet cell experiment.
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Fig. 2. Distribution coefficient of succinic acid in octanol-water system.

14
(a)
T L o
5 121 o .
[%]
9]
c
>
=}
c o
S 10 ° o
c
9]
|_
©
8
5 g
(%)
®  Without succinic acid
O Succinc acid 50 g/L
6 T T T
0.0 0.2 0.4 0.6 0.8
TOA concentration [mol/kg]
14
(b)
E‘ 12 4
S
g *
c *
>
) ¢ °
c
2 10
@
c
9]
|_
]
S
5 g
w
4 Without tri-n-octylamine
6 T T T T T T
0 10 20 30 40 50 60 70

Succinic acid concentration [g/L]

Fig. 3. Effects of succinic acid and tri-n-octylamine on the change
of interfacial tension in octanol-water system.

U FE2A Aol v 9SS B8 EsI
(Fig. 3a, b) 1ol B u}ﬂ ol @?‘3011 AR T el A
9] ojql FZA7F AREE QS W] AlHAgES oRE 7HAEAY
S FAIE Rk 210 % Kot 1314 SAARE FET) oA
2 o|HUR= 25 1 A ARES TAATE ol Salilo]
B EAE O o & ow Iheke As B 5 QUth o o] 4
ol QA= ofql FEe] e 3RS IA ZP"V} U= AoE R
of oz} s alxto] EA & w AH A2 o] 1~2 Dynes/cm g% A
37) AR AR Fol e FHAR] e Yl AR B
QItt.

2 Aol thRoiRl= Al2Elef oigh %E]-ﬁrdzﬂ Hres

%E

Table 16 YERJSITE. 0714 4870 ¢lx 2] EAMAIF+ Hayduk-
Minhas[21] 2]l €J3l f7]7dellx €] EAlE Scheibel[22] 215
o]-g3tod ANkt & ThA] Perkins-Geankoplis 2 [23]S ©]-83197 Al

2R dshe A Ao w sk o] Sl 8t R el

Korean Chem. Eng. Res., Vol. 50, No. 6, December, 2012



1024 A4

Table 1. Physico-chemical parameters of the 1-octanol/SA/water system

Parameter Value unit
Drop diameter 0.002 m
Density of dispersed phase 996.99 kg/m®
Density of continuous phase 828.69 kg/m®
Dynamic viscosity of dispersed phase 091 mPas
Dynamic viscosity of continuous phase 4.60 mPa-s

LI9E-09  m%s
5.09E-10  m%s
Diftusion coefticient of TOA in continuous phase 1.19E-10 m%s

Diftusion coeftficient of SA in dispersed phase
Diftusion coefticient of SA in continuous phase

Distribution coefficient (K=c,,/c,,,) 3.99 -
Initial concentration of SA (dispersed phase) 50 /L
Initial concentration of TOA (continuous phase) 0.1, 0.5 mol/kg
Reynolds number 17.53 -
Peclet number 176,817 -
Forward reaction rate constant (SA), k, 3.14E-08 m>/(mol®3s)
Damkhler number 0.24,0.54 -
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