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ABSTRACT

In this study, the removal of different fractions of organic matter in seawater was investigated
using titanium tetrachloride (TiCl4) flocculation and compared with ferric chloride (FeCl3)
flocculation. The organic matter fractions were characterised using liquid chromatography–
organic carbon detector (LC–OCD). Results showed the hydrophobic compounds removal was
dominant by both flocculants. However, the removal of hydrophilic organic compounds, such
as humics and low-molecular weight neutral compounds of seawater, was superior by TiCl4
flocculation compared to FeCl3 flocculation and this removal increased considerably with the
increase of TiCl4 doses. The flocculated sludge after TiCl4 flocculation was incinerated to
produce titanium dioxide (TiO2) nanoparticle. TiO2 from seawater sludge characterised by
X-ray diffraction (XRD) and scanning electron microscope/energy-dispersive X-ray spectros-
copy (SEM/EDS) showed predominant anatase phase with Si as a main dopant.
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1. Introduction

Natural organic matter (NOM) is one of the main
foulants related to membrane processes that has a
potential to form additional fouling by interaction
between organic foulant itself or biomass [1,2]. This
fouling is due to the adsorption onto the membrane
surface or inside the pores. In addition, NOM can aggre-
gate on the membrane surface and consequently form a
sticky gel layer presenting high hydraulic resistance [3].

NOM usually have negatively functional groups
such as carboxyl (–COOH) and phenolic groups (–OH)
[4]. Pre-treatment methods such as Fe-salt and Ti-salt
flocculation can remove a portion of NOM through

three mechanisms namely charge neutralisation, elec-
trostatic patch and bridging flocculation to reduce
membrane fouling [5,6]. In general, flocculation prefer-
entially removes the hydrophobic NOM fraction,
whereas the neutral hydrophilic fraction is responsible
for much of the irreversible fouling [7].

Coagulation–flocculation is a well-known pre-treat-
ment method that can remove particles and colloids
in water and wastewater treatment. The use of FeCl3
as Fe-salt flocculant is considerably increased due to
its high DOC removal efficiency with no detrimental
effect to the living environment compared to alumin-
ium (Al) salt [8]. However, the application of Ti-salt
flocculant in water treatment, which was firstly inves-
tigated, by Upton and Buswell [9] has attracted a new
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