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Evaluation of membrane fouling characteristics due to manganese and
chemical cleaning efficiency in microfiltration membrane process
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ABSTRACT

In water treatment process using microfiltration membranes, manganese is a substance that causes inorganic membrane
fouling. As a result of analysis on the operation data taken from | WTP(Water Treatment Plant), it was confirmed that
the increase of TMP was very severe during the period of manganese inflow. The membrane fouling fastened the increase
of TMP and shortened the service time of filtration or the cleaning cycle. The TMP of the membrane increased to the
maximum of 2.13 kgf/cm?, but it was recovered to the initial level (0.17 kgf/cm?) by the 1st acid dleaning step. It was
obvious that the main membrane fouling contaminants are due to inorganic substances. As a result of the analysis on
the chemical waste, the concentrations of aluminum(146-164 mg/L) and manganese(110-126 mg/L) were very high. It
is considered that aluminum was due to the residual unreacted during coagulation step as a pretreatment process. And
manganese is thought to be due to the adsorption on the membrane surface as an adsorbate in feed water component
during filtration step. For the efficient maintenance of the membrane filtration facilities, optimization of chemical concentration
and CIP conditions is very important when finding the abnormal level of influent including foulants such as manganese.
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Table 1. Operating condition of | WTP

Operating cycle

Filled(40sec) — Filtration(35min)

— Backwashing(40sec)

— Drain(50sec)

Membrane Flux 1.4 m*/m*dMax 2.0 m*/m?*d)

Module 78 Modules(3 Unit X 26 Module)
Filtration Dead-end
Mode
Type Pressured

Table 2. Characteristics of MF membrane installed in | WTP

Manufacturer Toray
Model HFU-2020
Membrane Type MF
Operation Type Pressured
Module size @216mm X 2160mm
Materials PVDF
Pore size / MWCO 0.01 um
Effective Surface Area (m?) 72 m?
pH Range 2~12

Max. Pressure (kgf/cm?)

1.5~2 kgf/cm?
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Fig. 1. Schematic and Mass-ballance of I WTP.
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Table 3. Chemical cleaning conditions of CEB & CIP

Process Step Chemical Dosage of chemical concentration | Chemical contact time (hr)
Acid 1 HCI 0.08 N (2,500 mg/L) Permeate 1.5 hr
Citric acid 0.5 % (5,000 mg/L) Circulation 1.5 hr
P te 1.5 h
CEB Alkali 1 NaOCl 500 mg/L Jermeate ’
Circulation 1.5 hr
Permeate 1.5 hr
Acid 2 HCI .08 N (2, L
cid ¢ 0.08 (2,500 mg/L) Circulation 1.5 hr
Acid 1 HCl 0.5 N (15,000 mg/L) Permeate 1.5 hr
Citric acid 3.0 % (30,000 mg/L) Circulation 1.5 hr
P 1.5 h
CIP Alkali 1 NaOCl 3,000 mg/L ermeate 1.5 hr
Circulation 1.5 hr
. Permeate 1.5 hr
Acid 2 HCI 0.5 N (15,000 mg/L) Cireulation 1.5 hr
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3. Results and Discussion
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Fig. 2. Daily average intake water and treated water quantity.
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Fig. 3. Membrane flux of each unit.
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Fig. 4. Trans-membrane pressure(TMP) of each unit.
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Fig. 5. Variation of coagulant dose by feed water turbidity
change.
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Fig. 8. TMP variation of each membrane unit when coagulant
overdose.
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Table 4. TMP variation of each membrane unit by coagulant overdose

1° Unit (kgf/cm?) 2™ Unit (kgf/cm?) 3™ Unit (kgf/cm?)
2016-09-17 0.71 0.40 1.16
1° time
After 2 days 1.03 0.87 0.12 (After CEB)
d o 2016-10-15 0.25 0.17 0.14
2" time
After 2 days 0.31 0.29 0.27
d o 2016-11-10 0.18 0.42 0.90
3™ time
After 2 days 0.28 0.74 1.02
Table 5. Water quality of each process
Turbidity | Conductivity UVas4 TOC Fe Mn Al
(NTU) (us/cm) (1/cm) (mg/L) (mg/L) (mg/L) (mg/L)
Feed 10.6 135.1 0.102 1.851 0.072 0.141 0.033
Influent 0.84 153.0 0.083 1.534 0.062 0.021 0.044
Permeate 0.07 153.3 0.082 1.269 0.004 0.019 0.020
Backwash water 1.37 164.9 0.82 1.679 0.143 0.022 0.462
PCF treated water 0.79 167.7 0.084 1.543 0.080 N.D 0.164
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