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Abstract: Liquid-liquid extractions by use of hollow fiber membrane module are fast because of the large surface
area per volume. In these membranes, the extractant and feed can be contacted at high speed and two flows are com-
pletely independent, so there are no problems with loading and channeling. In this paper, it was investigated the selectiv-
ities of extractants for extraction of heavy metals from aqueous solution into organic extractants by using the hollow
fiber membrane. To identify the effect of distribution ratio on mass transfer in the membrane, we also compared the dis-
tribution ratio with mass transfer coefficient. From these experiments for the system with high distribution ratio, effect
of the distribution ratio on mass transfer was weak compare with the low distribution ratio system In the hollow fiber

membrane.
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Table 1. Experimental Conditions for Metal Extraction by use of Hollow Fiber Module
Organic Phase Aqueous Phase
tractant:
Extractants Solvents Metals Concentrations

[5.0x107* mol/dm?]

D2EHPA n-heptane Fe(1I), Ni(1I) Fe(1I) : [1.8x107* mol/dm?]

EHPNA n-heptane Pb(1I), Zn(II) Ni(1I) : [1.7%x107* mol/dm?]

TBP benzene Fe(1I1), Ni(II), Pb(Il), Zn(1I) Pb(II) : [4.8%107* mol/dm?]

TOPO benzene Fe(11), Ni(I1), Pb(11), Zn(11) Zn(I) : [1.5%107* mol/dm?]
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BE 32 fU4e] 2 7Y AFE B 48 A ubsAAN FEAEY wEAd TAY FEEF
Zo g AFHE AL WA 3o, AR - fF ARL ZEAANY FEEEE 0T Rux 35S
o] otHA7L 5~10kPa o] fFAHEE 3fo] F A7 Ao 27| Hro g2 FYRuuE A9
o FEA W] FAHHEE 35} e(I1)9 7% 27194 $EE 3.0x107°~5.0mol/

wkS-A 9] 7438 Fe(1l)$} Ni(11)o oisi D2EHPA,
TBP 2 TOPOE #ZAE AH&slgen, Pb(Il)sh
Zn(11)o) HsjA+= EHPNA, TBP 2 TOPOE A}-43}
o] FEuh-& AFAF o, 7 wkSACdA R
+ake] 27 JAEEE WA A
20x107? mol/dm® #43 Yese
A 200dm'a) ohel, 7 FF4 FFol W2} 27194
25 E 3.0x107°~5.0mol/dm’E Z A&} o]
2 3tgdeny, & fF7|4o2= EHPNA/n-heptane,
D2EHPA /n-heptan, TOPO/benzene @ TBP/benzene
ZH FE2A9 ==& 5.0x107 mol/dm*e 2 A3}
e, Table 1o Z+ 25 digt TAHELE

o =

Ader 2Ed o3t $EAYPL Fe(ll) 1.8x107°
mol/dm?® Ni(II) 1.7 x 10~° mol/dm? Pb(1I) 4.8 x10~*
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Fig. 2. Distribution ratio vs. init. [HCl] for extraction
of Fe(1I) and Ni(1I) into extractants.
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Fig. 3. Distribution ratio vs. init. [HCl] for extraction

of Pb(II) and Zn(II) into extractants.
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Table 2. Distribution Ratio and Mass Transfer Coefficient for init. Cyq variation

Fe(1I)-D2EHPA Fe(11)-TBP Fe(11)-TOPO
Cua Cro. K,x10* Cha Chuo. K,x10* Cua Cuo K., x10°
[mol/dm?*] Cuw fem/s] [mol/dm?] Cuw [em/s] [mol/dm?] Cuw. [em/s]
2.5%x1073 124.22 14.203 2.0x107? 134.29 17.263 2.0x1072 46.25 5.953
50%x1073 123.99 13.963 5.0x107° 134.05 17.262 50%x107? 46.21 5.936
1.0x107? 67.086 11.233 1.0x 1072 113.70 12.281 1.0x107" 45.87 5.882
6.0x10°? 43.294 6.831 2.0x107? 54.66 10.643 25%X107! 41.75 4,659
1.0x107! 34.68 5.522 1.0x107! 41.37 5.964 5.0x107" 28.44 5.147
1.5x10™! 14.12 3.544 2.5x10™" 39.45 4.370 1.0x10° 10.31 3.384
Ni(11)-D2EHPA Ni(11)-TBP Ni(1I)-TOPO
Cua Ciio K.x10 Cia Crio K, x10* Cia Cuo K.,x10*
[mol/dm?] Cuw. [em/s] [mol/dm?] Cuw. [em/s] [mol/dm?] Cuw. (em/s]
3.0x107° 43.35 5.908 6.0x107° 0.09 0.047 5.0x107° 0.08 0.042
6.0x107° 41.60 6.469 1.0x10°* 0.10 0.052 6.0x107° 0.09 0.047
1.0x10°* 38.68 6.335 3.0x107* 0.08 0.042 1.0x10°* 0.08 0.042
5.0x107* 26.28 4.107 5.0%x107* 0.09 0.047 3.2x107* 0.07 0.037
1.0x107° 21.19 4.031 1.0x10°° 0.08 0.042 1.0x107° 0.08 0.042
3.0x1073 3.68 1.663 3.0x10°° 0.08 0.042 3.2x1073 0.07 0.037
Pb( I )-EHPNA Pb(11)-TBP Pb(11)-TOPO
Cha Cuo. K.x10* Cha Cuo K.x10* Cua Cho K.x10*
[mol/dm?] Cuw. [em/s] [mol/dm?®] Cuw. [em/s] [mol/dm®] Cuw. [em/s]
3.2x107* 741 3.096 7.0x10°* 0.95 0.316 7.0x1072 0.94 0.314
1.0x1073 7.13 3.144 3.2x107? 0.89 0.304 5.0x 1072 0.89 0.304
2.0x1073 7.06 3.112 1.0x107° 091 0.308 2.0x107* 0.92 0.310
1.0x10°* 6.75 2.994 2.0x10°° 0.84 0.294 1.0x10°? 0.85 0.296
3.2x107? 6.64 2.771 1.0x107* 0.88 0.302 5.0x1073 0.85 0.296
7.0x107? 4.79 2.058 3.2x107* 0.85 0.296 3.0x1073 0.81 0.286
Zn(11)-EHPNA Zn(11)-TBP Zn(11)-TOPO
Cia Cuo. K,x10* Cia Cuo K.x10 Cua Cuo K.x10*
(mol/dm®] | Cuw | [em/s] | [mol/dm®] | Cuw | [em/s] | [mol/dm’] | Cuw | [em/s]
1.5x107* 60.51 7.204 1.5x 107" 53.44 10.482 50x10°* 119.08 13.112
3.2x107* 59.76 7.156 4.0x107* 51.05 9.658 1.5%x1073 61.30 11.031
1.0x10°° 52.10 7.663 1.0x107° 49.05 8.370 3.0x1073 52.66 10.350
2.0x107* 41.07 6.482 3.2x107° 47.61 7.549 1.5%107? 48.48 8.331
1.0x107 41.01 6.518 1.0x107 46.57 4.284 3.0x1072 47.41 6.093
3.2x107? 40.89 5.824 3.2x107? 35.89 4.791 6.0x107? 38.57 4.676
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. solute concentrations

. solute concentrations, at t=0

. fiber diameter

. equivalent diameter, 4 X (cross sec-

tion/wetted perimeter)

. diffusion coefficients
. effective diffusion coefficient

. partition coefficient

individual mass transfer coeffi-
cients, in the inner solution, in
the membrane, and in the outer
solution, respectively

. overall mass transfer coefficient
. fiber length

. flow rates

I time

. velocity

. reservoir volumes

. exponents
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0 . membrane thickness

€ . porosity of hollow fiber

v . kinematic viscosity

T * tortuosity of hollow fiber pore

Sub Scripts

mem : membrane (pore) of hollow fiber

s . outside of hollow fiber

i . inside of hollow fiber
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