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Air sparging in capillary nanofiltration
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Abstract

Capillary nanofiltration offers the possibility to treat raw water to high quality (process) water in just one step. Surface water can be treated
for drinking water production and effluent for water recycling. In capillary membranes no feed-side spacers are present and a high concentration
polarization is thus observed, limiting the overall system performance. In this study, the effect of air sparging to limit concentration polarization
is investigated. Experiments are carried out with synthetical water at different TMPs and superficial water and air velocities. As expected, air
sparging decreases concentration polarization, resulting in an increase in permeate flux and retention. Moreover, air sparging uses less energy, so
the industrial relevance is high.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

1.1. Description of capillary nanofiltration

Capillary nanofiltration is a relatively new concept in mem-
brane filtration. Capillary nanofiltration combines the advan-
tages of nanofiltration membranes (good water quality) and
capillary ultrafiltration membranes (good hydraulic cleaning
possibility). Due to the high fluxes of capillary nanofiltration
membranes, the system can be operated at moderate pressures,
reducing operational costs significantly. Capillary nanofiltration
offers the potential to treat (surface) water in one single step to
high quality (process) water. In The Netherlands several feasi-
bility studies with pilot plants have been performed with varying
success. Effluent from a sewage treatment plant [1] and surface
water have been treated [2,3].

In nanofiltration installations spiral wound membrane mod-
ules are most common. The specific membrane area (installed
membrane area per volume) is large, resulting in low invest-
ment costs. However, unlike tubular and capillary micro- and
ultrafiltration membranes, spiral wound membranes cannot be
cleaned hydraulically by a back flush. To prevent fouling of
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the spiral wound nanofiltration membranes an extensive pre-
treatment, consisting of conventional drinking water processes
or even ultrafiltration, is used. Furthermore, chemicals are
necessary to prevent scaling and fouling and to clean the mem-
brane surface [4].

Capillary membranes are commonly used in micro- and ultra-
filtration applications. Micro- and ultrafiltration are mainly used
to remove suspended material from the feed water. The removal
of suspended material from water results in the build-up of a cake
layer on the membrane. By means of hydraulic cleaning meth-
ods this cake layer can be removed. Several hydraulic cleaning
methods are used, like for example back flush and forward flush
[5–7].

The process of capillary nanofiltration can be compared to
dead-end ultrafiltration. Concentrate is discharged periodically
and a filtration and cleaning cycle can be distinguished. On the
other hand, like in cross-flow systems, a cross-flow velocity is
used to limit the concentration polarization. It depends on the
system boundaries whether the process is called dead-end or
cross-flow.

A direct capillary nanofiltration module is always placed ver-
tically. During the filtration period permeate is produced, while
no concentrate is discharged (Fig. 1, left). A feed pump pro-
vides the necessary feed pressure. The permeate flow is equal to
the feed flow and the water in the system is concentrated over
time. Therefore, problems with scaling, deteriorating permeate
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Fig. 1. Operation of direct capillary nanofiltration.

quality, decrease in flux due to higher osmotic pressure and foul-
ing occur in capillary nanofiltration systems. To prevent these
problems water is recirculated continuously (cross-flow) and the
most effective system performance is obtained when the flow in
the membranes is turbulent. The bulk flow emerges at the top of
the membrane module with a pressure of about 0.2–0.5 bar less
than the inlet pressure. This loss in pressure is compensated by
a positive displacement pump in the recirculation flow. The per-
meate flow is only about 5–10% of the total recirculation flow
in the system.

After some time the resistance for filtration, as a result of
fouling and osmotic pressure difference, has become so large
that a system flush is necessary. With a system flush the concen-
trated water is flushed out of the module, and so periodically a
concentrate flow is released (Fig. 1, right). To perform a system
flush the concentrate valve is opened, while the permeate valve
is closed and the displacement pump is switched off. A forward
flush is thus performed and normally feed water is used for this.
Sometimes air is injected into the feed water (Fig. 2) creating a
so-called air flush [8]. Furthermore, is it even possible to back
flush capillary nanofiltration membranes with permeate [9]. By
the back flush scaling and fouling can be (partially) removed.

1.2. Two-phase flow in industrial processes

Two-phase flow is a well-known phenomenon in many
industrial applications. In literature two-phase flow is reported
to be effective to enhance heat and mass transfer in reactors,
dialysers and heat exchangers [10,11]. Depending on the
superficial velocities and the pipe geometry different two-phase
flow patterns occur, like bubble flow, slug flow and annular
flow. The segmented flow pattern slug flow is reported to be
very effective in small diameter tubes to increase heat and
mass transfer rates compared to single-phase flow. Slug flow
was found to augment radial mass transfer in reactors with
catalytically active walls [12]. These results suggest that slug
flow could be a useful means to improve the efficiency of many

devices, which employ small diameter tubes and laminar flow
by enhancing radial mass transport or reducing axial dispersion.
Such devices, in addition to reactors, include tubes with an
absorbing wall for liquid chromatography or for selective
removal of solutes, tubular dialysers and reverse osmosis, or
ultrafiltration systems having a semi-permeable wall.

In heat transfer experiments conducted in a 0.25 in. copper
tube under a variety of two-phase flow conditions it was reported
that for bubble train flow the heat transfer rates were up to 2.5
times the rate of pure liquid regimes [12]. The radial heat transfer
was investigated in a solid–liquid slug flow system and increased
heat transfer rates were reported with increase in flow rates and
decrease in slug length [13].

The two-phase flow pattern slug flow in small diameter chan-
nels is often called bubble train flow or Taylor flow. Bubble train
flow or Taylor flow differs from slug flow in large diameter tubes.
In capillaries the flow is essentially laminar and predominantly

Fig. 2. Injection of air in the end cap during cleaning of direct capillary nanofil-
tration.
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