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Removal characteristics of trace chemicals by nanofiltration
membranes for advanced water treatment

Takuya SUZUKI

Abstract

In recent years, water resources were polluted by various synthetic organic chemicals
(SOCs).The problem is a critical issue and must be addressed for water works. Adsorption by
use of activated carbon is a common process as an advanced drinking water treatment.
Hydrophobic substances are fairly removed; however, hydrophilic substances are less
removed. While, membrane filtration processes have been widely accepted for water treat-
ment process, in which microfiltration (MF) or ultrafiltration (UF) is the most applicable
process for removing turbidity.

On the other hand, nanofiltration (NF) has been focused as advanced drinking water
treatment process for removing trace chemicals (e.g. pesticides, endocrine disrupting chemicals
etc.) and disinfection by-products precursors. Many researchers have reported the removal of
SOCs by nanofiltration and reverse osmosis (RO). However, their examinations were inade-
quate, because the experimental periods were very short and there existed only little data in
detail. Precise removal profiles and mechanism have been unknown yet.

The objectives of this study are to estimate the applicability of NF membranes in terms of
removing trace chemicals. Four commercially NF membranes were prepared, which have
several types of materials and surface charge properties. Many experiments were carried out
for collecting data on the basic removal performance and for estimating the influence of
functional groups as well as their molecular structure onto the removal (or transport)
mechanisms. Furthermore, in order to evaluate the influence of colored organic matter (Kraft
pulp which has lignin as a main composition), cross flow type membrane filtration was carried
out. Under the evaluation of several experimental results, the validity and critical issues of
nanofiltration membrane were discussed in terms of advanced water treatment.

Chapter 2. The basic removal performance of four commercially nanofiltration mem-
brane were evaluated using a semi-batch filtration system. Target chemical are pesticides,
phenols and Phthalate acid esters. The results were summarized as follows :

1. In initial stage of filtration, target chemicals were adsorbed onto membrane material,
presumably due to hydrophobic interaction.

2. The transport of trace chemicals across nanofiltration membrane would depends on
two major mechanisms ; the process of adsorption and steric hindrance.

3. In final stage, removal and its profile depend upon the function of molecular width.
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Those maybe little influenced by charge properties on nanofiltration membranes.

4. Removal profiles of some chemicals, even though with the same molecular weight and
slightly different in functional group of molecules, were found to be completely different from
each other.

Chapter 3. In order to evaluate of the influence of colored organic matter (Kraft pulp, KP
which has lignin as a main composition), cross flow type membrane filtration were carried out.
Pesticides as a target chemical were employed. DOC concentration of a kraft pulp in synthetic
raw water was adjusted about 2mg-C/L. The tests were conducted on the sets of condition,
Pure water, KP-preload (UF fraction), KP-Pesticides (UF fraction) and Unfractionated KP-
Pesticides.

1. Rejection obtain from cross flow membrane filtration system is almost equal to that
from semi-batch filtration system.

2. The influence of colored organic matter was not observed about the target chemicals
with high rate of removal.

3. However, target chemicals (Fthalide and Thiobencarb) having a low rejection value
and a relative strong hydrophobic property were influenced by the deposit of colored organic
matter onto membrane surface.

Chapter 4. In this chapter, in order to precisely understand interaction between solute and
membrane, the membrane transport phenomena were analyzed. This study focused on
molecular shapes of alkyl group in alkylphenols, and examined its detail behavior on removal
mechanisms and negative rejection in the case of 2,4-DCP and Fthalide. Evaluation on the
pore size of a nanofiltration membrane was also carried out by comparing log-normal model
and steric hindrance pore model. The results are summarized as follows :

1. Negative rejection values were observed in the case of 2,4-DCP and Fthalide. These
chemicals have common characteristics which has chlorine atom in its molecular structures and
has simply molecular shape.

2. In terms of evaluation on pore size of nanofiltration membrane, log-normal model
agree well with semi-batch filtration data rather than steric hindrance pore model.

3. Assuming more than 909§ rejection, nanofiltration in common could reject SOCs with
molecular size range around 0.9 to 1 nm.

Chapter 5. Conclusions :

In this study, evaluation on ability as advanced water treatment of nanofiltration, and
applicability of nanofiltration were discussed. As results, removal performance of nanofiltra-
tion equals to conventional advanced water treatment (e.g. Activated carbon, Ozone-biological
Activated carbon, etc.). However, it is not like that nanofiltration membrane removes all of
the SOCs. Therefore, it is necessary to set the appropriate removal range on nanofiltration
membranes.

Professor (Chairperson) Ken-ichi FUKUSHI
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