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Sewage Treatment Using Electric Field Pretreatment
and Metal Membrane Microfiltration Process
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ABSTRACT : This study was investigated to evaluate the effect of electric fields application for the reduction of membrane fouling,

the inactivation of microorganisms and the enhancement of particle coagulation in microfiltration/coagulation. Cumulative permeate

in the case with electric field treatment showed high value compared to the case without electric field. Particularly, the increase of

HRT (Hydraulic retention time) showed the increase of cumulative permeate as well as the decrease of total resistance. By electric

field treatment, the amount of small particle size less than 100 ym is increased and the survival fraction is reduced by the increase

of electric field intensity. This may be attributed to the cleavage of particle or cytological destruction resulting from the inactivation

of microorganism. Coagulant dosage of PAC compared with no electric field application could also be saved about 75% for the 95%

of turbidity removal at 10 kV/cm.
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Table 1, Characteristics of metal membrane

Type Tubular

Material Stainless steel (SUS 316L)
Nominal pore size 1 pm

Size D 14 x L 220 (mm)
Area 97 cm’/unit

Maker Fibertech Co., Ltd. Korea
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Fig. 1. Schematic diagram of electric fields system (a) and metal
membrane (b)

Table 2, Water quality of fresh sewage

Parameter Values
Ranges Average
pH 6.5-7.1 6.8
COD¢; (mg/L) 110-118 114
BODs (mg/L) 85-93 89
SS (mg/L) 190-210 200
T-P (mg/L) 33-37 35
T-N (mg/L) 4852 5
Turbidity (NTU) 163-198 180.5
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Table 3. Analytic items and methods
Items Methods or device
BODs Standard method, 5-day BOD test
COD¢; Standard method (Hach DR 2010)
Suspended solids (SS) Glass fiber, Whatman GF/C
TN In-line UV/persulfate digestion and oxidation method
(UV Spectrometer jena SPECORD 50)
Tp Perchloric acid with vanadomolydo phosphoric acid method
(UV Spectrometer jena SPECORD 50)
Turbidity (Turbidity meter, model turb 550 IR)
Particle size (LS 230 particle size analyzer, Beckman Coulter Co., USA)
Scanning electron microscope (SEM) (S-4200, Hitachi, Japan)
Zeta potential (ELS-8000, Otsuka, Japan)
pH (MP 120-pH meter, Schwerzenbach, Switzerland)
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Fig. 2. The relationship between electric field intensity and permeation flux (a) and resistance (b) {Conditions: feed flow rate 19.6 L/hr,
trans—membrane pressure (TMP) 34 kPa, pH 6.5}
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Fig. 3. The relationship between electric field intensity and SS
(a) and turbidity (b) and CODc: (c) {Conditions: feed flow
rate 19.6 L/hr, trans—membrane pressure (TMP) 34 kPa,

pH 6.5}
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Fig. 4. The relationship between HRT and permeation flux (a) and resistance (b) {Conditions: electric field intensity 40 kV/cm, trans—

membrane pressure (TMP) 34 kPa, pH 6.4}
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Fig. 5. Relationship between pH and permeate with time passage
(Condition: electric field intensity 10 kV/cm, trans—membrane
pressure 34 kPa, flow rate 12 L/hr, SS 168 mg/L)
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Fig. 6. The particle size distribution with electric field intensity (a) and the values of mean and median sizes (b) (Conditions: flow rate

21,6 L/hr, pH 6.5, Turbidity 113 NTU, SS 98 mg/L)
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Fig. 7. The variation of bacteria survival fraction with respect to
time at 10 kV/cm (Conditions: flow rate 21,6 L/hr, pH 6.5,
contact time 30 minute, Turbidity 94 NTU, SS 81 mg/L)
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Fig. 8. The variation of zeta potential of particle with respect to
electric field intensity (Conditions: flow rate 19.6 L/hr, pH
6.5, Turbidity 78 NTU, SS 54 mg/L)
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Fig. 10. SEM images with respect to without and with electric
field (Conditions: flow rate 6.5 L/hr, pH 7.2, electric
field intensity 20 kV/cm, PAC 20 mg/L, Turbidity 148
NTU, SS 122 mg/L)
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