
Desalination and Water Treatment
www.deswater.com
1944-3994/1944-3986 © 2011 Desalination Publications. All rights reserved
doi: 10/5004/dwt.2011.2867

*Corresponding author.

34 (2011) 57–62
October

Combined TiO2 membrane fi ltration and ozonation for effi cient water treatment 
to enhance the reuse of wastewater

Yaoxin Hua,b, Nicholas Milneb, Stephen Grayb, Gayle Morrisc, Wanqin Jina,
Mikel Dukeb, Bo Zhub,*
aState Key Laboratory of Materials-Oriented Chemical Engineering, Nanjing University of Technology, Nanjing, P. R. China
bInstitute for Sustainability and Innovation, Victoria University, Melbourne, Australia
Tel. +61-3-99198281; Fax: +61-3-99197696; email: Bo.Zhu@vu.edu.au
cResearch Services Offi ce, Flinders University, Adelaide, Australia

Received 3 September 2010; Accepted 3 January 2011

A B S T R AC T

A mesoporous titania (TiO2) membrane on an alumina support was successfully fabricated via 
the sol–gel processing method. The effects of combined ozonation and TiO2 membrane fi ltra-
tion on the permeate fl ux and permeate quality were investigated. Ozone injection into the feed 
water during the fi ltration resulted in an increase in the permeate fl ux within the fi rst 0.5 h. 
Ozonation decreased the fouling on the membrane surface. However, at the end of 2 h fi ltration, 
ozonation did not signifi cantly impact on the permeate fl ux. It is likely that there would be min-
imal ozone residual remaining in the feed after 2 h fi ltration, which is why fouling was evident 
after this time, probably in the form of an organic fi lm on the membrane surface reducing the 
fl ux. Under the hybrid ozonation-membrane fi ltration system, the removal of colour, A254 (UV 
absorbance measured at a wavelength of 254 nm) and total organic carbon (TOC) was found to 
be 88.5%, 75.4% and 48.7%, respectively. Membrane fi ltration or ozonation alone did not achieve 
the degree of reduction obtained with hybrid ozonation-membrane fi ltration. Increasing the 
ozonation time from 2 min to 10 min gave no consistent trend in the percent removal of the 
colour and UV-254 absorbing compounds. Even at low ozonation time, there was a signifi cant 
decrease in the UV-254 and colour. However, increasing the ozonation time beyond a threshold 
value (2 min) had a negative effect on reduction of TOC. Ozonation of organic matter is known 
to result in a decrease in the molecular weight of the organic matter, which would then result in 
these compounds passing through the membranes giving arise this effect.
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1. Introduction

The application of membrane fi ltration processes 
in wastewater treatment is gaining popularity in the 
world today as there is an increasing demand for water 
reclamation. Compared to conventional treatment 
methods, membrane fi ltration is an effective method 

to remove particles, microorganisms and organic mat-
ter from real wastewaters, consistently achieving high 
quality treated water. However, the most critical limi-
tation of current membrane fi ltration is membrane 
fouling. Membrane fouling generates considerable 
attention, because it can result in permeation fl ux 
decline and costly clean-up requirements [1]. Although 
many attempts have been made to improve the mem-
brane surfaces, the result does not satisfactorily
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