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Abstract
Polymer membranes provide a good method of obtaining potable water but, as membranes always foul during water purification, the flux drops with time. Methods of physical cleaning of the polymer membranes, which do not require the plant
to be shut down for lengthy periods, are very attractive and also do not generate any waste fluids. This paper reports on
an investigation into the possibility of obtaining flux enhancement during the filtration process, as well as the cleaning of
membranes, using magnetic polymer beads moving under the influence of an AC magnetic field. Methods, procedures and
results for cleaning membranes using magnetic beads, at zero trans-membrane pressure, are described.
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Introduction
Membrane filtration of aqueous effluents is a technique widely
used in water purification in the food industry, to clean industrial effluents prior to discharge or reuse and to obtain potable
water from various sources (Porter, 1990). The fouling of membrane filters during the filtration process of all aqueous effluents is a well known phenomenon. Fouling of the membranes
causes a decrease in permeate flux and eventually the filtration
process becomes so inefficient that a cleaning procedure must
be initiated.
The fouling of the membranes is characterised by a rapid
initial decrease of flux followed by a medium or slow decrease
in the permeate flux (Song, 2000; Czekaj et al., 2001). It is
mainly the sub-micron proteins and polyphenols, i.e. particles
smaller than the membrane pores, which are considered to
be the cause of the initial rapid membrane fouling (Czekaj et
al., 2001). After this the flux decreases due to the formation
of a caking layer. When necessary, in order to restore permeate flux, the filtration process has to be interrupted to clean or
replace the membrane filters. For economic reasons, a membrane cleaning procedure which does not seriously interrupt
the process, or use chemicals which are hard to dispose of, is
preferable. Cleaning by the use of scouring polymer-coated
magnetic beads, which can be rotated and manipulated by magnetic fields, offers both of the above advantages.
There is no previous work of this nature to review. However
an internet literature search found numerous references to
magnetic beads used in drug delivery, magnetic beads carrying water purification chemicals and, more controversially, to
the ability of magnetic fields (AC and DC) to prevent fouling
in reverse osmosis (RO) systems. Therefore, this review will
be limited to a brief mention of the other physical methods for
cleaning membranes..
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A number of ‘physical’ membrane cleaning techniques
have already been investigated, which include back flushing,
cross flushing, and back pulsing (or back shocking) (Redkar
and Davis, 1995; Wetten, 1995; Parnam and Davis, 1996;
Kuberkar et al., 1998; Redkar et al., 1996; Tanaka et al., 1995;
Kuruzonovich and Piergiovanni, 1996). Although these techniques, applied in a non-continuous way, could be successfully
used to clean membranes and partially or completely restore
the original flux, they seem to be inefficient in the removal of
some adhesive foulants (Czekaj et al., 2000). Czekaj et al.(2000;
2001) found rapid continuous back pulsing from the permeate
space into the feed space to be very effective in maintaining an
enhanced equilibrium flux. For instance, Czekaj et al. (2000;
2001) used infrasonic back pulsing at frequencies of 5-10 Hz
and achieved, with standard cross-flow filtration, continuous
permeate fluxes which were 3 to 4 times greater than those for
fully fouled membranes.
This paper concentrates on the cleaning of membranes
at zero TMPA. A more detailed account of this work, and a
description of the largely unsuccessful attempts to obtain flux
enhancement by continually passing the beads over the membrane, are given in McLachlan et al. (2009).

The experimental systems
Magnetic materials used in the beads
It is known that strong permanent magnetic particles would
give stronger torques in a uniform field and larger forces in an
inhomogeneous field than soft magnetic particles. Therefore
magnetically hard hematite was used to make permanentmagnet polymer beads. No established method for producing
nano-hematite was found in the literature but, if small enough,
hematite particles will become super-paramagnetic. However,
experiments using hematite powder (approx. 10 μm in diameter) showed that it retained a more than adequate permanent
moment. Therefore, the beads and particles produced and tested
in this report all contain hematite powder (which is mined
in South Africa). Other possible fine permanent magnetic
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