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It is possible to conduct high concentration operation using Vibratory Shear
Enhanced Processing by its original vibration mechanism, but the flow path in the
membrane module is sometimes plugged by solids, which depend on the operating
condition such as shear rate and properties of slurry. Therefore, both the relationship

) ’ between operating condition such as pressure and cake formation, and the relationship
between fluid velocity on the membrane surface and plugging of slurry in the
membrane module were investigated in order to find out a proper operating condition.
When operating pressure increases over the pressure where permeate flux reaches
limiting flux, the effective membrane area decreases because solids become cake on the
membrane surface, and permeate flux decreases against pressure due to the restriction
of gel layer. However, the pressure, where cake generates, is high compared with that
of conventional cross-flow system, and therefore it is possible not only to prevent cake
formation on the membrane surface but also to operate with high permeate flux
compared with the conventional cross-flow system if the operation is conducted under
the pressure where permeate flux reaches limiting flux. Also it is found that increasing
of velocity on the membrane surface with viscosity of solution is necessary. However,
maximum velocity is approximately 0.2 m/s for VSEP, and the value is small enough
compared with that of conventional cross-flow system where 1 ~3m/s of cross-flow
velocity is usually used. Thus, it was confirmed that concentrating operation to high
concentration becomes very efficiency using VSEP.
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Table 1 Specifications of Vibratory Shear Enhanced Processing

Membrane area | Number of membranes | Vibration Motor Pump capacity Tank

VSEP
[m’] (kW] [m*/hr] (]
Series L 0.045 1 (0.045m?) 2.2 0.6 50
Series P 1.07 22 (0.049 m?) 2.2 0.6 50
Series 1 13.3 98 (0.136 m?) 5.5 4 200
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Table 2 Specifications of membranes
Material/Backing | Membrane Class Temperature Pressure pH
VSEP q
(] [MPa]
Series L PES/PE UF2 000 MWCO 90 1.0 1~13
Series P PES/PP UF4 000 MWCO 90 1.0 1~14
Series 1 PA/PS UF8000 MWCO 50 4.0 2~11

PES: Polyethersulfone, PE: Polyester, PP: Polypropylene, PA: Polyamide, PS: Polysulfone
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Table 3 Properties of sludges
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Fig. 4 Relationship between viscosity and rotation
speed of B type viscosity meter
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rpm FEELLL L, CoOLGETHIE L EE fF
HL7:. £85I BEESOT -4 — No.3,
12rpm THIE L7225 v V@R @D R MR &
BEOMRERT, KOMEILREARBRONE, B

Sludge @ Sludge @ Sludge ® Sludge @
pH 6.8 6.9 6.7 6.5
Suspended solids [mg/ 4] 110000 31000 43000 33 000
Electric conductivity [uS/cm] 440 420 530 350
Ignition loss [%/SS] 26.09 18.35 23.19 32.67
Si0, [%/SS] 40.10 39.51 40.34 31.93
ALO; [%/SS] 23.78 26.00 28.31 31.14
FeOs [%/SS] 4.83 7.01 9.31 3.89
MnO [%/SS] 0.26 0.13 0.29 0.16
Density of soil particle [kg/m?] 2352 2449 2431 2340
Conglomerate (2~75mm) (%] 0 0 0 0
Sand (75¢m~2mm) (%] 2 0 0 4
Silt (5 ~T75um) [%] 38 37 13 38
Clay (under 5um) [%] 60 63 87 58
Maximum Particle diameter  [mm] 0.106 0.075 0.075 0.106
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Amplitude Operating Operating | Concentration Inlet Outlet
VSEP pressure temperature flow rate concentration | concentration
[mm] [MPa] [T] [m*/ hr] [%] [%]
Series L 19 0.29~0.50 25 0.33 10.7 10.7
Series P 22 0.43 25 0.12 ~0.36 2.92~6.28 3.56~7.33
Series 1 22 0.35~0.60 40 0.189~1.14 1.96~5.01 3.05~9.79
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