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Abstract—In this study polysulfone membrane (MWCO: 3,000) was used and ultrafiltration experiment was car-
ried out for 4 types of dextran solutions having different molecular weight to obtain the solute rejection characteristic
curve, from which the membrane pore size and the distribution could be predicted with the aid of the concept of prob-
ability distribution.

The result showed that the solute rejection characteristic curve had a linear relation on log-normal probability
paper and the mean (#) and the standard deviation (#), which are the pore size distribution parameters, were in-
fluenced by the concentration polarization and solute conformation according to the operating conditions.

The apparent mean pore radius and the pore radius distribution obtained from the solute rejection characteristic
curve were 14 Aand in the range of 5- 40A respectively.
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Fig. 1. Solute rejection characteristic curves of
ultrafiltration membranes.
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Table 1. Characteristic properties of dextran solutes (at 35°C)

Coefficients in Eq.(12)

Solute Mw D.(m?/s) x 101 r(A)
Ay x 1072 Ay Az x 102
Dextran 20T 17,500 10.43 29.9 1.650 1.487 1.690
Dextran 40T 40,000 7.07 44.2 0.715 1.355 0.961
Dextran 70T 70,000 5.44 574 0.496 0.736 0.790
Dextran 110T 110,000 4.40 71.0 0.349 0.450 0.812
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Table 2. Experimental conditions in ultrafiltra-
tion of dextran solutions

Temperature (°C) 35+0.5

Transmembrane 0.49,0.98,1.47,1.96,2.94,3.92
pressure (105 Pa)

Feed 3.42, 6.45, 10.64, 13.60
concentration (kg/m?3)

Recirculation 0.403

velocity (m/s)
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Fig. 2. Permeate flux as a function of transmembrane pressure and feed concentration.
Cp=0: 342 kg/m3, ®; 6.45 kg/m3, 0; 10.64 kg/m?, a; 13.60 kg/m3
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Table 3. Pore size distribution parameters at different transmembrane pressure and feed concentration

Cy Free pressure AP(Pa) x 10~
Parameters
(kg/m3) state 0.49 0.98 1.47 1.96 2.94 3.92
3.42 y7 2.700 2.570 2.377 2.183 2.053 1.764 1431
[’ 0.345 0.401 0.523 0.593 0.643 0.746 0982
T, 14.880 13.066 10.773 8.873 7.791 5.836 4.183
Cor. Coef 0.990 0.996 0.999 0.998 0.995 0.999
6.45 o 2.767 2.676 2.406 2.220 2.148 1.805 1.500
9 0.468 0.528 0.611 0.675 0.702 0.858 0.993
T 15.910 14.527 11.090 9.207 8.568 6.080 4.482
Cor. Coef. 0.989 0.997 0.998 0.998 0.999 0.999
10.64 u 2.794 2.770 2.460 2.331 2.293 2.058 1.768
2] 0.500 0.538 0.643 0.699 0.714 0.839 0.981
T, 16.346 15.959 11.705 10.288 9.905 7.830 5.860
Cor. Coef. 0.988 0.998 0.996 0.997 0.999 = 0999
13.60 M 2.873 2.828 2510 - 2.465 2.334 2.102 1.813
/] 0.508 0.548 0.664 0.715 0.747 0.876 1.023
Ty 17.690 16.912 12.305 11.763 10.319 8.183 6.129
Cor. Coef. 0.992 0.994 . 0.993 0.988 0.993 0.998
el 3 (deformation) o] Fakslo] Aol et £x7] 10
Z7b5b7] wlre® Alasch, =3 Table 3ol 4‘4‘.:“_ I —~ AP(Pa) x 10-5
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NOMENCLATURE

: intercept on log-normal probability paper

: virial coefficient, i = 1, 2, 3 [Pa-m®/kg]]

: slope on log-normal probability paper

. solute concentration [kg/m’]
« : diffusion coefficient at infinite dilute solution

(m?/s] .

fir,) : probability density function of r, [AT]
F(Rp : probability distribution function of Ry [-]
J, : permeate flux [m/s]
k  : Boltzman constant, 1.38 x 10~2* [N-m/K]
Mw : weight-average molecular weight [kg/kgmole}
- pore radius of membrane [A] .
: apparent mean pore radius of membrane [A]
: solute radius, Eq. (11) {A)

Qw3 >
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R, : resistance of membrane [kg/m®s]
Ro Ry : observed and true solute rejection [-]
T : temperature [K]

y o [In(rgul/8

Greek Letters

AP : transmembrane pressure [Pa)
AIl : osmotic pressure difference [Pa]
n, : solvent viscosity [Pa-s]

9 : standard deviation

u : mean value of In(r) at Rz=0.5
n =3.1416

i : osmotic pressure [Pa]
Subscripts

b . bulk

m : membrane surface

p . permeate

Abbreviations

Cor. Coef. : correlation coefficient
MWCO : molecular weight cut-off

PWF

1.

2.

3.

: pure water flux
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