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Abstract— When liquid-liquid extractant praocesses through the hollow fibers membrane module by using extractants hav-
ing the chemical affinity for a specific solute, mass transfer is unusually fast because of the large surface area per volume of
the hollow fiber membrane. The extractions of Cd(II) and Co(Il) from acidic aqueous solution were carried out by using the
hydrophobic hollow fiber membrane. The extractants used in this work were D2EHPA(di-2-ethylhexylphosphoric acid),
TOPO(trioctylphosphine oxide) and TOA(tri-n-octylamine) for the metal ions extraction. Cd(I) was extracted very well by
TOPO, D2EHPA was good extractant for Co(Il) extraction. To determine the rate controlling step in the hydrophobic hol-
low fibers, we also examined the effect of inside and outside flow rates of the hollow fibers membrane. For the system with
high distribution ratio, mass transfer in the inside aqueous feed dominated the overall mass transfer, and in this paper, corre-
lation between K, and inside velocity was obtained as (K,d/D)=1.89(dv,/LD)"". On the other hand, for the system with low
distribution ratio, the resistance in the inside of hollow fibers was much less than membrane resistance.
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Fig. 1. Schematic diagram for extraction apparatus of hollow fiber

membrane.

F : Flow meter MS : Magnetic stirrer

P : Pump PG : Pressure gauge

T : Thhermometer WB : Water bath

HC: Heat controller HFM : Hollow fiber membrane
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Table 1. Distribution ratio and mass transfer coefficient for init. C,, variation

Co(I1)-D2EHPA Co(II)-TOPO Co(l1}-TOA
Cuar Cuo K, x 10" Crar Cuo. K. x10° Cuer Cyo K. x10*
[mol/dm’] Cow [cmys] [mol/dm’] Cw [emys] [mol/dm’) Couw [emys]
10x10° 132.75 15.773 1.0x10°° 0.93 0.312 50%x10°° 12433 13.992
3.0x107° 128.49 14.572 3.0x10° 0.77 0.274 1.0x10°° 123.54 14.058
5.0%x10°7° 122.06 13.875 50x107° 0.79 0.280 3.0x10° 116.37 12.771
1.0x10° 115.74 12.566 1.0x10 * 0.80 0.283 6.0x10°° 79.88 11.554
30x10* 85.19 11.694 30x10 * 0.77 0.274 20x10° 58.51 10.907
5.0x10 1 66.75 11.219 1.0x10 *? 0.76 0271 5.0x10°° 54.42 10.472
1.0x 107" 52.33 10.351 30x10°° 0.75 0.268 30x10°° 46.15 8.259
Co(I1)-D2EHPA Co(Il)-TOPO Co(i)-TOA
CHCl CM.() Kw x 104 CH(,‘I _(_‘M (A Kw X 104 CH(‘I CM_U Kn b 104
{mol/dm’] Cow {cmis) [mol/dm’] Cow [emys] [mol/dm’] Couw [cmys)
50x10°° 2.30 1.370 50x107° 111.56 12.244 50%107° 135.99 19.050
20x10°° 2.12 1.309 20x1072 48.08 10.094 20x107? 140.73 18.441
5.0x10 ° 212 1.277 50%x10°° 43.15 8.185 50x10 7 124.95 14.283
1.0x10 ° 2.13 1.305 1.0x10 ' 38.50 7.390 1.0x10 "' 93.10 9.3274
30x10 ' 2.11 1.227 30x10°" 4275 5.901 30x10 ! 77.65 5.1087
5.0x10 " 2.14 1.300 50x10 " 38.97 4.665 S.o0x10 ' 53.19 43102
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Table 2. Effect of tube side velocity on overall resistance

Co(ID) into TOA extractant.

Co-TOA Cd-TOPO Co-TOPO Co-TOA Co-TOPO

[c:;/s] 1Ky 10 * 1Ky x 10 17K, X 10 ° [C;:/S] 1K, % 10 * 1Ky x 10 °

[s/cm] [s/cm] [s/cm] [sfem] [s/em]
0.030 23.35 2311 34.35 0.047 8.32 34.32
0.044 20.53 20.79 32.83 0.070 9.76 34.76
0.059 19.44 17.85 35.44 0.093 8.74 34.74
0.074 17.83 16.48 34.83 0.115 8.50 33.50
0.089 16.95 16.04 35.95 0.138 8.52 3452
0.103 15.84 16.26 34.84 0.162 8.17 3317
0.118 15.03 15.46 35.03 0.185 7.76 35.75
0.133 16.02 13.88 36.02 0.208 8.51 33.51
0.148 14.60 14.07 34.60 0.232 8.64 34.68
0.177 13.18 13.17 3418 0.278 9.81 34.81
0.207 12.29 12.51 35.29 0.323 9.75 34.75
0.236 12.24 10.88 3424 0.370 8.76 33.76
0.266 11.57 11.51 34.57 0.417 9.77 35.76
0.296 10.36 10.81 35.36 0.463 8.73 33.73
0.443 9.13 9.23 3413 0.695 8.87 34.87
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C,, C, : solute concentrations

C’, C’: solute concentrations, at t=0

j= 5

: fiber diameter

d, : equivalent diameter, 4 % (cross section/wetted perimeter)

D,, D, D, D: diffusion coefficients

D,; :effective diffusion coefficient

H : partition coefficient

k., K,... k.:individual mass transfer coefficients, in the inner solution,
in the membrane, and in the outer solution, respectively

K, . overall mass transfer coefficient

L : fiber length

Q,, Q. : flow rates

t : time

v,, v, :velocity

V., V., : reservoir volumes

o, B, y: exponents

) : membrane thickness

€ : porosity of hollow fiber

v : kinematic viscosity

T : tortuosity of hollow fiber pore
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