International Journal of Science Vol.4 No.4 2017 ISSN: 1813-4890

Applied Research in Photocatalytic Membrane Reactor (PMR)
Systems in Water and Wastewater Treatment

Degin Ran 2 *, Linguo Lu 2, Jujuan You 3, Yong Shang ? and Guangbin Dang 2

1Key Laboratory of Highway Maintenance Technology Ministry of Transport, Jinan, Shandong,
250031, China

?Research Center of Environment and safety, Shandong Transportation Institute, Jinan, Shandong,
250031, China

3Department of Electrical Engineering, Laiwu Senior Technical School, Laiwu, Shandong, 271100,
China

*Corresponding author e-mail: randeqin@126.com
Abstract

The photocatalytic membrane reactor (PMR) systems have been increasingly used in water
treatment in recent years. The scope of the current paper was to briefly review literature on
different configurations of PMRs. It will be conducive to further application of PMR in the
future.
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1. The Photocatalytic Membrane Reactor (PMR) Systems

The photocatalytic membrane reactor (PMR) systems, a new water treatment process coupling with
the technologies of membrane separation and photocatalytic oxidation, has gained more and more
attentions and resultant investigations in many wastewater treatment and reclamation in recent years
[1-5]. PMR can be grouped into two types according to configurations and designs: reactors with
catalyst suspended in feed solution and reactors with catalyst immobilized in/on the membrane.

2. PMR with Catalyst Suspended in Feed Solution

Zhang et al. [6-8] investigated the suspended photocatalytic nanofiltration membrane reactor,
combining slurry Cu-doped photocatalyst TiO2 particles and organic nanofiltration membrane
separation process and determined the photocatalytic degradation mechanisms and kinetics of the
employed model pollutant under the optimum operation conditions. The most problely predominant
reasons, to the relatively higher photocatalytic degradation and mineralization efficiencies of the
innovative suspended photocatalytic nanofiltration membrane reactor compared to the traditional
photorector during the beginning period, were that the coupled nanofiltration membrane played an
absolute barrier of the slurry photocatalyst particles and a selective barrier of the substrate,
degradation intermediates and final products on the molecular weight basis, which promised a
dramatic and significant change in the newly membrane photoreactor, compared to the traditional
photoreactor. While during the fmal period of the degradation process,the relatively lower
photocatalytic degradation and mineralization efficiencies of the newly nanofiltration membrane
photoreactor were possibly due to the exterior circulation of the H-acid aqueous solution in the cell.
The basic and dramatic changes in the degradation kinetics should be exclusively dedicated to the
significant differences in the substrate concentration in the coupled photocatalytic degradation reactor
and the surface concentration of substrate H-acid on the employed photocatalyst in the suspended
photocatalytic nanofiltration membrane reactor under the single-component and multi-component
conditions respectively.
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In the researches of Fu et al. [9-10], two kinds of reactors coupling membrane technology and nano-
structured TiO, photoeatalytic oxidation was designed and verified by experiment for degradation of
fulvic acid, that is recirculated membrane photoeatalytic reactor (RMPR) and submerged membrane
photocataiytic reactor (SMPR). These reactors had the characteristics of the perfect mixing flow
reactor. In the reactors, nano-structored TiO2 could be easily separated, recovered and reused by
membrane separation process. Comparing the settle velocity, photocatalytic activities and permeate
flux rate of P25 powder and nano-stractured TiOy, it was found that the nano-structured TiO>
photocatalyst could be automatically settled while maintained its high activities. The permeate flux
rate of microfiltrati could be improved and thus the membrane fouling phenomenon was reduced with
the addition of nano-structured TiO2 catalyst. With regard to SMPR, photocatalyst concentration at
0.5g/L and aeration amount at 18.75 m3/m3  were the optimal condition for the removal of fulvic
acid.

Xie et al. [11] investigated the performance of the integrative reactor by photocatalytic degrading
acid red B wastewater with TiO,. Membrane fouling rate can be controlled greatly with bubbling
under membrane module and bellow reactor, because of cross-flow rate on face of the membrane and
turbulence is enhanced. Membrane fouling rate can be decreased in the conditions of acidic and
alkaline. The main factor which caused membrane fouling is TiO2, and membrane fouling becomes
serious with TiO2 concentration increasing. The reactor can run in a long and stable way in the
condition of backwash online. Alkaline-backwash after face-wash followed by alkaline rising can
make the membrane flux recover to 99%.

Zou et al. [12] designed a new type of three-phase fluidized bed reactor of solar photocatalysis-
organic membrane separation coupling with the technology of solar photocatalysis and organic
membrane separation. The reactor includes photocatalytic reaction zone and the membrane separation
zone, and they are connected by connected tube and cycling tube, respectively. The photocatalytic
reaction zone contains upper tank, bottom tank and tube reactor, while the membrane separation zone
contains the membrane separator and the hollow fiber membranes in it. By the experiments of TiO>
suspension performance, degradation of simulated acid red B wastewater and low biodegradability
medicine wastewater, and membrane fouling experiments, the basic performance of the reactor is
researched. The results show that TiO2 suspension concentration increase with the TiO, dosage and
aeration flux of the photocatalysis alga until its maximum equilibrium suspension concentration, but
TiO2deposits phenomenon becomes serious at the same time. Air rinsing in recycle pipe makes TiO2
suspension concentration invariable and the best time and intervals of the air rinsing are 10s and 40
min respectively. TiO2 suspension concentration in the membrane separation reactor is always higher
when the connection pipe valve is full open compared with half open. However, the concen Il ation
in the tube reactor before air rising is lower under the condition of full open. TiO2 suspension
performance is hardly influenced by the membrane effluent.

3. PMR with Catalyst Immobilized IN/ON the Membrane

In order to prevent the membrane fouling and the loss of the nano-sized TiO2, Yan et al. [13] prepared
the silica-gel supported TiO2 by the sol-gel method as the photocatalyst. The thesis mainly studied
on the membrane fouling characters of the photocatalysis-membrane integrated process, the
mechanism of photocatalysis degradation of humic acid (HA), and the deactivation mechanism and
the reactivation methods of the photocatalysts TiO». The static experimental results indicate that the
HA and the by-products with small molecular weight cannot foul the membrane after 60min
degradation. The running results of the photocatalysis-membrane integrated process illustrate that the
photocatalysis technology as the pretreatment for the membrane filtration can control the membrane
fouling effectively. The structure of the fouling layer on the membrane surface in the integrated
process is relative loose and rough, which is benefit for the decreasing of membrane resistance. Low
initial concentration of HA, low membrane flux and the intermittent running method is helpful for
membrane fouling control.
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In order to reduce bicrobial biofouling in reverse osmosis operation, Kim etal. [14] devised the hybrid
thin-film-composite (TFC) membrane consisted of self-assembly of TiO> nanoparticles with
photocatalytic destructive capability on microorganisms, which offered a strong potential for possible
use as a new type of anti-biofouling TFC membrane.

In the study of Li et al. [15], PVDF microfiltration membrane was enhanced by spaying nanometer
TiO2 one membrane bioreactor (MBR) system was set in this kind of membrane, and another MBR
was set in membrane which was not enhanced. In the first step of the stable period, the conclusion
was that the flux water quantity of the enhanced MBR was larger than the not-enhanced one, under
the condition of the same flux water quality. The clean water trans-membrane resistance of the
enhanced MBR was 1/2 less than that of the not-enhanced one. At the same time, the flux water
quantity of the enhanced MBR is 67.5% larger than that of the not-enhanced one.

Molinari et al. [16] carried out an investigation of membrane stability under UV irradiation to study
the catalyst deposited on the membrane in the photocatalytic membrane reactors. Controlling the size
of the reactors and employing the best research results for both the “photocatalytic system” and the
“membrane system” could help obtain high irradiation efficiency and high membrane filtration
efficiency, which showed interesting perspectives and synergy for coupling photocatalysis and
membranes.
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