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Abstract

Photocatalytic membrane reactors (PMRs) combine membrane separation and
photocatalysis in one hybrid process. PMR is a highly versatile technology due to the
range of engineering designs it affords and many possible applications. Photocatalytic
treatment can be highly effective with respect to viruses (e.g. [1-4]). Most of the work on
the application of PMRs to water treatment, however, has focused on chemical
pollutants. To our knowledge, there have been only five reports on the application of
photocatalytic membranes to water disinfection [5-9]. All five studies were on E. coli
control and three of the five [7-9] also used silver, a known bactericide, as a component
of photocatalytic membranes.

In the proposed hybrid process the permeate surface a ceramic membrane (d,,,. = 0.8
um) is coated with photocatalytic nanoparticles (TiO2, anatase) and exposed to UV
irradiation (Figure 1) to inactivate viruses during microfiltration [10]. The membrane is
operated in the in-out flow geometry to eliminate turbidity and improve efficiency of UV
disinfection (Table 1). The membrane-supported photocatalyst ensures generation of
reactive oxygen species that act on the pollutants that break through the membrane.
Two coating methodologies — dip coating and layer-by-layer self-assembly were
employed to render the highly porous permeate side of the membrane photocatalytic.
The layer-by-layer self-assembly method produced sub-monolayers of photocatalyst
and minimized coating-induced reduction of membrane permeability (Figure 2).
Methylene Blue, bacteriophage P22, and human adenovirus 40 were used to evaluate
the efficiency of the membrane reactor. Batch UV disinfection and crossflow filtration
tests showed that the hybrid photocatalytic UV-microfiltration process is considerably
more effective in inactivating viruses (e.g. for P22, LRVp22 = 5.0 £ 0.7) than the
constituent processes - UV disinfection and microfiltration - applied in series (aggregate
LRVp22 = 2.0 £ 0.5) (Figure 3).

To our knowledge, this is the first application of photocatalytic membrane reactors to
virus removal or inactivation. Potential applications of the proposed treatment process
include disinfection of turbid, high fouling, and high flow rate streams.
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Table 1. Synergistic benefits of combing membrane filtration and photocatalytic UV

disinfection into a hybrid process.
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Figure 2: SEM images of outer surface of a ceramic 0.8 m nominal pore size
membrane: A) uncoated, B) dip-coated by 10 coats of TiO2, C) coated
byl layer of TiO2 using the L-b-L method with PDADMAC and PAA as
binder polyelectrolytes [10, 11].
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Figure 3.  Log concentration of viable and total bacteriophage P22 in the feed

solution and in the permeate 30 min into the filtration process. Error bars
correspond to standard deviations [10].
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