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Retentate Thickening by Submerged Hollow-Fiber MF Thickener
in Membrane Water Purification Process

-Application to Raw Water from Sagami River-
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ABSTRACT; Pilot-plant studies were carried out to verify the applicability of a newly developed micro-
filter (MF) thickener for treatment and thickening of retentate coming out from membrane water treatment
processes. The membrane thickener, which made use of the concentration polarization phenomena in the
dead-end filtration process, was proved to be applicable to thickening of retentate having an average
turbidity of 100 units and a maximum turbidity of up to 400 units at a filtration flux of 0.5 m/day. The
water recovery ratio against raw water from Sagami River was more than 99 percent in the whole process
of combined membrane water treatment and MF thickening. However, a high turbidity over 420 units
caused a sudden increase of filtration resistance. The filtration resistance was maintained lower at a high
filtration flux of 0.5 m/day than at a low flux of 0.3 m/day because turbid water was more rapidly excluded
down to the bottom of the thickener at a higher filtration flux. Particle size distribution measurement
revealed that the smaller particles with diameters of less than 3 u m tended to remain suspended in the
thickener and attached to the membrane, causing an increase of the filtration resistance.

KEY WORDS; concentrate thickening, concentration polarization, filtration resistance,

hollow-fiber micro-filter, particle size distribution, retentate.
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Fig. 1 Schematic of the Pilot-Scale
Membrane Thickener

Table 1. Specifications of the Membrane

Item Unit Specification
Membrane material — polyethylene
Nominal pore size i@ m 0.1
Surface area m 4.0
Length m 0.34 (U type)
Inner/Outer diameter | mm 0.27/0.41

Table 2. Operational Sequence

Parameters Unit Run-
1 243

Filtration flux m/day {0.5 0r 0.3|0.3/0.5
Filtration time min 30
Drain time sec 1.5 2
Drain volume L 0.4 0.5
Air-scrubbing time | min 1
Back washing time | sec 10 or 30
Air-scrubbing rate | L/min 80 [150
Back washing L/min )
flow rate
Caleulation times | 40 or 12 | 50 | 80
concentration rate
Bottom cone L 2 0.5
Membrane surface | s
area -+ Reactor jm/m 670

volume ratio
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Table 3. Retentate Quality Characteristics

Analysis Run-1 Run-2 Run-3
Iron, total (mg/1) 7.16 - 17.61 1.45-23.30 3.39-43.00
Manganese, total (mg/1) 0.04 - 1.04 0.10-0.97 0.12 -0.41
HPC (CFU/ml) 2.0E+3 - 4.0E+4 1.5E+3 - 2.0E+5 1.6E+2 - 7.4E+4

Coliform Group (CFU/100ml) 2.7E+2 - 7.0E+3 3.0E+3 - 2.0E+4 2.0E+1 - 1.3E+4
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Table 4. Summary of Filtrate Quality Analysis for Run-1 to 3

Analysis Run-1 Run-2 Run-3
Turbidity (Unit) 0.10 0.12 0.09
Tron (mg/l) 0.011 0.017 0.006 (0.017)%
Manganese (mg/1) 0.010 0.014 0.003 (0.006 )*
HPC (CFU/ml) 60 70 100
Coliform Group (CFU/100ml) 0 0 0
DOC (mg/l) 1.88 1.62 1.20
Exo (50mm-cuvette) - — 0.10
3% Raw water (dissolved )
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