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Abstract: A change of filtrate flux in Taylor vortex flow filtration was investigated experimentally by rotating speed of
inner cellulose ester membrane cylinder (average pore size: 1.2 ym), slurry concentration, and particle size. The filtrate flux
was a direct proportion relation with TMP, but an inverse relation with resistances. A change of cake resistance with time
was examined by rotating speed, slurry concentration, and particle size. Initial resistance increased dramatically as raising
slurry concentration, and the pseudo-steady state was maintained at high resistance value. However, times to reach the
pseudo-steady state did not depend on slurry concentration. The resistance was larger as smaller particle size, because
possibility of pore blocking inside membrane could be higher and shear effect should be lower as smaller particle size. A
model equation suggested in this study was composed of particle deposition and removal terms, and could confirm well
experimental data using average values of experimental coefficients.
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Fig. 2. Schematic diagram of Taylor vortex flow microfiltration apparatus.

Table 1. The Properties of Slurry Materials Used in This Study

MB20X-5 MBX-12 MBX-20 MBX-50

Shape sphere
Average particle size (um) 5.0 12.0 20.0 50.0
Particle contents less than average membrane pore size (%) 16.35 9.78 6.37 2.37
Average specific gravity (g/em’) 1.15
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Table 2. Experimental Conditions of Taylor Vortex Flow
Microfiltration

Experimental temperature 6°C~9°C
Radial velocity of inner cylinder 0 rpm~800 rpm
Concentration of slurry 0.05 wt%~0.4 wt%
Ratio of gap to inner radius, d/ri 0.15

Main motor power 110V, 2~5 A
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Table 3. Density and Viscosity of Various Slurry Concentrations

Concentration (wt%) 0.07 0.05 0.1 02
Density (kg/m’) 0.99997x10° 0.99999x10° 1.00013x10° 1.00016x10°
Viscosity (kg/m - s) 1.4217x107 1.4223x10° 1.4241x107 1.4278x107
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Fig. 6. Effect of angular velocity on cake resistances (d/ri
= (.15, MBX-50, concentration = 0.05 wt%).
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Fig. 7. Determination of k; value using model equation
(18-2) at no rotation (MBX-50, d/r; = 0.15, concentration
= 0.05 wt%).

Table 4. Coefficient k; (i = 1, 2, 3, 4) of Model Equation
(18) for Various Angular Velocities (MBX-50, d/r; = 0.15,
concentration = 0.05 wt%)

o (radis) ki x10" kox10°  ksx 10" kyx10*
20.73 3.717 2.083 4.817
44.49 2110 3.630 3.541 6.804
64.39 2.538 2.593 6.612
84.18 2.129 3.622 6.251
average 2.110 3.004 2.960 6.121
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Fig. 8. Comparison of measured and predicted cake resis-
tances using average coefficients (d/r; = 0.15, MBX-50,
Coty = 0.05 wt%).
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400).

Table 5. Coefficient k; (i = 1, 2, 3, 4) of Model Equation
(18) for Various Concentrations (MBX-20, d/r; = 0.15,
rpm = 400)

Slurry concentration KX 10" kX 10° ksx 10770 ke X 10°

(wt%)

0.05 1.873 2878 3541 6344

0.1 2.216 2.680 2388  6.084

0.2 1.980 2.553 2258  6.599
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Fig. 10. Effect of particle sizes on measured and pre-
dicted cake resistances (d/r; = 0.15, Cyumy = 0.05 wi%,
rpm = 400).

Table 6. Coefficient k; (i = 1, 2, 3, 4) of Model Equation
(18) for Various Particle Sizes (d/r; = 0.15, Gy = 0.05 wt%,
rpm = 400)

Average )
Particle particle size k; X 10" kyx 10° k; x 10™° k, x 10
(um)
MB20X-5 5 1995 7.821 6488  3.807
MBX-20 20 1873 2878 3541 6344
MBX-50 50 2110 3.630 3541  6.804
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