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Abstraet: Liquid-liquid extractions by use of microporous hollow fiber modules are fast compared with conventional ex-
traction equipment because of the large surface area per volume. In these modules, the extractant and feed can be contacted
at high speed and two flows are completely independent, so there are no problems with loading and channeling. In this paper,
it was investigated the extraction selectivities for liquid-liquid extraction of Fe(Il) and Ni(Il) from dilute aqueous solution
into TOA (tri-n-octylamine) and EHPNA (bis(2-ethylhexyle)hydrogenphosphite) as organic extractants by using the
hydrophobic hollow fiber module. To determine the rate controlling step for mass transfer in hollow fibers, we also examined
the effect of inside and outside flow rates of the hollow fiber module. From these experiments, we identified for the extrac-
tion of system with high partition coefficient in hydrophobic hollow fibers, mass transfer in the inside aqueous feed dominat-

d’v

ed the overall mass transfer, and in this paper, correlation between K, and v, was obtained as K%: 6.22<L—D‘>” % On the

other hand, for the system with low partition coefficient, the resistance in the inside of hollow fibers was much less than
membrane resistance because the extraction was not simple in the micropore. Thus, for systems with high partition coeffi-

cients, hydrophobic hollow fibers would be a better choice.
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Table 1. Characteristics of Hollow Fiber for Liquid-
Liquid Extraction

Characteristic Specification

Material Polyethylene
Inside diameter 200 um
Wall thickness 40pm
Porosity 55%
Average pore size 0.3m
Property Hydrophobic
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F :Flow Meter MS : Magnetic Stirrer

P Peristalltic Pump PG : Pressure Gauge

T : Thermometer WB : Water Bath

HC : Heat Controller HFM : Hollow Fiber Membrane

Fig. 1. Schematic diagram for liquid-liquid extrac-
tion apparatus by hollow fiber module.
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Fig. 2. Effect of pH on partition coefficients for ex-
traction of Fe(Il) and Ni(Il) into extrac-
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Fig. 3. In(C/Co) vs. time at optimum pH for extrac-
tion of Fe(II) and Ni(Il) into extractants.
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Fig. 4. Effect of pH on overall mass transfer coeffi-
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Fig. 5. Overall mass transfer coefficients vs. pH for
extraction of Fe(Il) and Ni(II) mixture feed
solutions.
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Table 2. Partition Coefficients and Overall Mass
Transfer Coefficients for Each Systems

g A% 4-o

Metal H Kox1p | Koo
. pH (for mixture)
fons TOA [EHPNA| TOA [EHPNA| TOA [EHPNA
03512907 - Jo15| - | - | -
040 - 1057] - |o063| - | -
050 | - | - | - | - [o15] 0.9
0701 - 1350] - o077 ] - | -
087 |1266] - |082| - | - | -
1.00 | 2456 10.02| 2.18 | 1.05 | 0.39 | 0.11
130 | - |1468] - | 191 - | -
144 16733 — |488| - | - | -
Fe(ID| 150 | - |32.14] - | 2.06 | 2.06 | 0.13
160 [85.08] - |705| - | - | -
170 | - |a508| - | 406 - | -
185 18039 - |823| - | - | -
196 | - [4099| - | 355 6.39 1 0.18
200 |5894] - | 7421 - | - | -
2501 - | - | - | - Is98]015
3001 - | - | - | - [056] 007
350 | - | - | - | - |0.02] 002
150 - | - | - | - [o002]002
200 - | - | - | - |o002] 002
250 | 202 | 1.35 ] 0.03 | 0.02 | 0.02 | 0.02
300 | 2.15 | 2.35 | 0.04 | 0.08 | 0.02 | 0.04
350 | 2.34 | 6.241] 0.03 | 0.46 | 0.02 | 0.15
370 1307 - Jo003| - | - | -4
o [a00 | - 1302 - | 123 002! 1.06
ND T o283 - [ 344 | - | -
147 | - [3008] - | 582 - | -
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470 | 6.23 | 65.66] 0.04 | 857 | - | -
5.00 | 7.42 | 79.33] 0.04 | 7.86 | 0.02 | 2.63
535|618 - [003]| - | - | -
5.50 56.18| - | 6.77 | 0.02 | 0.22
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Fig. 6. Effect of inside resistance of hydrophobic
hollow fiber on overall resistance for extrac-
tion of Ni(Il) into EHPNA.
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Table 3. Overall Mass Transfer Coefficients for
Each Systems

(1) Ni(II)-EHPNA

vi [ (Q/v)' K, x10%] vox10* |(1A)x 1073 KW x 10°
(em/s] | [s/em] | [em/s] | [em/s] | [s/em] | [em/s]
0.030 3.22 1.17 0.357 | 28.01 2.63
0.045 2.81 1.34 0.536 | 18.66 2.43
0.060 2.55 1.51 0.714 | 14.01 2.35
0.073 2.39 1.63 0.880 | 11.36 2.66
0.088 2.25 1.66 1.059 9.44 2.50
0.100 2.15 1.68 1.237 8.08 2.77
0.120 2.03 1.90 1.403 7.13 3.23
0.140 1.93 2.00 1.658 6.03 2.44
0.150 1.88 2.09 1.786 5.60 241
0.180 1.77 2.21 2.168 4.61 2.96
0.200 1.71 2.23 2.423 4.13 2.62
0.230 1.63 2.39 2.806 3.56 2.85
0.270 1.55 2.39 3.189 3.14 2.29
0.300 1.49 2.51 3.571 2.80 2.88
0.450 1.30 3.00 5.357 1.87 3.02
0.600 1.19 3.04 7.143 1.40 2.50
0.730 1.11 3.46 8.801 1.14 2.67
0.880 1.04 3.57 10.59 0.95 2.71
1.030 0.99 3.68 12.37 0.80 3.17
1.170 0.95 4.06 14.03 0.71 3.60

(2) Ni(I)-TOA

v (1/v)"PKex10°| vex 104 | (1/v)* | K, X 10°
(em/s] | [s/em] | [em/s] | [em/s] | [s/em] | [em/s]
0.030 3.22 3.15 0.357 | 30.37 2.51
0.045 2.81 3.07 0.536 | 26.52 2.53
0.060 2.55 3.10 0.714 | 24.10 2.65
0.073 2.39 2.79 0.880 | 22.48 2.70
0.088 2.25 2.98 1.059 | 21.14 2.64
0.100 2.15 2.98 1.237 | 20.07 2.68
0.120 2.03 3.03 1.403 | 19.24 2.55
0.140 1.93 3.00 1.658 | 18.20 2.66
0.150 1.88 3.14 1.786 | 17.76 2.56
0.180 1.77 3.07 2.168 | 16.65 2.64
0.200 1.71 2.86 2423 | 16.04 2.64
0.230 1.63 3.14 2.806 | 15.27 2.49
0.270 1.55 3.01 3.189 | 14.64 2.70
0.300 1.49 2.96 3.571 | 14.10 2.57
0.450 1.30 2.97 5.357 | 12.31 2.60
0.600 1.19 3.27 7143 | 11.19 2.57
0.730 1.11 2.74 8.801 | 10.43 2.55
0.880 1.04 2.87 10.59 9.81 2.56
1.030 0.99 2.90 12.37 9.32 2.68
1.170 0.95 2.89 14.03 8.93 2.62
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Nomenclatures
C, C, : solute concentrations
CoCe . solute concentrations, at t=0
d . fiber diameter
d. . equivalent diameter, 4 X (cross section

/wetted perimeter)
D., D, D,: diffusion coefficients

D
Dus . effective diffusion coefficient
H * partition coefficien

ko Fmems £, - individual mass transfer coefficients,
in the inner solution, in the membrane,

and 1n the outer solution, respectively

K. ; overall mass transfer coefficient
L : fiber length

Q, Q. . flow rates

t : time

Vi Vs . velocity

V, V, . reservoir volumes

Greek letters

a By . exponents
0 . membrane thickness
€ : porosity of hollow fiber
y . kinematic viscosity
T > tortuosity of hollow fiber pore
Sub Scripts
mem > membrane (pore) of hollow fiber
s > outside of hollow fiber
t > inside of hollow fiber
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