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ABSTRACT

Membrane fouling is an inherent phenomenon in ultrafiltration (UF) membrane processes,
making it necessary to periodically perform backwashes (BW) and chemical “cleanings in
place” (CIP) to restore the initial permeability of the membrane. The objective of this study
was (1) to explore systematically the effect of distinct BW-related variables (BW transmem-
brane pressure, duration, frequency and composition) on the reversibility of UF membrane
fouling and on the permeate quality (in terms of total organic carbon, turbidity and UV absor-
bance) over successive filtration/BW cycles; and (2) to identify which organic fractions were
most removed by the membrane and, of these, which were most detached after BW, alkaline
and oxidant CIP and acid CIP episodes. For this purpose, a bench-scale outside-in hollow fibre
module operated under dead-end filtration mode at constant transmembrane pressure and
treating settled water from a drinking water treatment plant was employed. Dissolved organic
carbon fractionation was performed by high-performance size-exclusion chromatography.
Results showed that, in general, the more intensive the BW was (in terms of high transmem-
brane pressure, shortened frequency and prolonged duration) the more effective it was in
removing fouling from the membrane. Concerning the composition of the water used for the
BW, the addition of NaClO led to maximum fouling reversibility, closely followed by the com-
bination of NaOH+NaClO, while citric acid and NaOH contributed little compared to water
alone. However, results also showed that irreversible fouling was never completely avoided
whatever the BW regime applied, leading to a gradual increase in the total resistance over
time. Larger differences in the behaviour of the different organic fractions were observed. UF
membrane preferentially retained the heaviest fraction of biopolymers (BP), while the inter-
mediate fraction of humic substances (HS) was removed at a lower percentage and the lighter
fractions seemed to entirely pass through the UF membrane. The successive application of
BW and CIPs resulted in the detachment from the membrane of a significant percentage of the
retained BP, whereas only a modest percentage of the retained HS.

*Corresponding author.

1944-3994/1944-3986 � 2015 Balaban Desalination Publications. All rights reserved.

Desalination and Water Treatment 57 (2016) 8593–8607

Aprilwww.deswater.com

doi: 10.1080/19443994.2015.1022807

Keywords: Backwashing; Fouling reversibility; Organic fractions; Surface water treatment;
Ultrafiltration

mailto:oferrer@cetaqua.com
mailto:blefevre@cetaqua.com
mailto:gprats@cetaqua.com
mailto:xbernat@cetaqua.com
mailto:oriol.gibert@upc.edu
mailto:mparaira@aiguesdebarcelona.cat
http://dx.doi.org/10.1080/19443994.2015.1022807



