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ABSTRACT

The present study provides an overview of recent developments and new
approaches in the field of photocatalytic membranes (PMs) in photocatalytic
membrane reactors (PMRs) and their application in the treatment of dye-containing
wastewater. In this way, the main advantages and limitations of these reactors for
practical and large-scale applications are reviewed. Certain parameters sometimes
limit membrane separation processes; therefore, combining them with other
methods, such as photocatalysis, can have a synergistic effect, overcoming
membrane fouling and improving energy efficiency. The classification of
photocatalytic membrane reactors is primarily based on the location of the
photocatalyst relative to the membranes. This classification is thoroughly reviewed
and the main factors affecting the two types of photocatalytic membrane reactors
are also mentioned and these parameters are discussed. On the other hand, a general
and all-round approach to the advancement of research in the field of PMs and

PMRs is presented by addressing selected case studies.
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Figure 1: PMR utilizing photocatalyst in suspension, and irradiation of the membrane module (11).
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Figure 2: PMR utilizing photocatalyst in suspension, and irradiation of the feed tank (11).
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Figure 3: PMR utilizing photocatalyst in suspension, and irradiation of the additional reservoir (photoreactor) located between the feed tank and
membrane module (11).
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Figure 9: The schematic of photocatalysis process: A electron
acceptor; and B electron donor (11).
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TiO2+hv — TiOz2 (ece™ + hvs*) ()
TiO2 (hve*) + H20 — TiO2 + H* + OH (v)
TiO2 (hvs*) + OH- — TiO2 + OH' )
TiO2 (ec’) + O2 — TiO2+ 02" - (%)
Oz "+ H*— HO2 ()
HO2 + HO2 — H202+ O2 (*)
TiO2 (ecs’) + H202 — OH + OH- (v)
H202+ 02" — OH+OH + O ()
H202 + hv — 20H (1)
Organic compound + OH" — degradation products )

Organic compound + TiOz (hve*) — oxidation products (1Y)

Organic compound + TiO2 (ece”) — reduction products ~ (\Y)
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Figure 10: Diagram of the membrane separation processes (68).
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Figure 11: Applications and mechanisms of membrane technology (69).
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Table 1: Removal of pollutants using different varieties of the membrane (79).

- Membrane type Pollutant removal

Cr,0s-enriched geopolymer-based photocatalytic membrane (Cr,O3/GPCM)

AgsPO./Graphene Oxide/3-aminopropyltriethoxysilane/P\VVDF composite

Basic Green Dye (80)

Rhodamine B and (80)

membrane Methylene Blue
3 N-V|nyIcaprol_actam-'_l’l_oz-acryl|c acid (VCL_-T|O_2-AA) polymer Methylene Blue @1)
nanocomposite modified polysulfone ultrafiltration membrane
- . Rhodamine B, Methylene
4 AgCO@UiO/Graphene Oxide membrane Blue, Methyl Red (82)
5) N-doped TiO,—ZrO,/TiO, composite ultrafiltration membrane Methyl Orange (80)
Meso-tetrakis (1-methylpyridinium-4-yl) porphyrin-immobilized sulfonated .
g polysulfone/polyethersulfone blend membrane (TMPyP@SPSf/PES) R ETTe ()
Cadmium sulphide/polymethyl methacrylate nanocomposite membrane :
7 (CdS/PMMA) Rhodamine B (84)
8 TiO,-coated polyvinylidene fluoride flat sheet membrane (PVDF) Reactive Blue 19 (85)
g-C3sN4/TiO, composite photocatalyst/polyacrylic acid/polytetrafluoroethylene
g ultrafiltration membrane (CNTO/PAA/PTFE UFM) T Bl ()
10 Composite membrane Polysulfone/Nitrogen, Palladium co-doped TiO, Eosin Yellow (87)
Multi-wall carbon nanotubes/AgsPO./polyacrylonitrile (PAN) ternary .
Al composite fibre membrane RETEnE (88)
. L . Indigo, Methylene Blue,
12 Graphene oxide/polyacrylonitrile composite membranes (GO/PAN) Thymol Blue, Congo Red (89)
Disperse Yellow 23,
Disperse Red 60,
13 Acrylonitrile butadiene styrene/polyurethane blend membrane (ABS/PU) Disperse Blue 183, Vat (90)
Brown 55, Vat Blue 66
and Vat Red 10
14 TiOy/a-Al,O3 porous membrane Methylene Blue 91)
Polysulfone/Titanium dioxide/multi-walled carbon nanotubes mixed matrix .
19 membranes (PSF/TiO/MWCNT) Al 2 L 92)
16 Polyvinylidene fluoride/meso-TiO, hybrid membrane Methyl Orange (93)

I Modularity
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Table 2: Summary of recent photocatalytic membrane reactor systems for industrial wastewater treatment (94).

Total suspended solids 100
WOj3; and GO COD (95)
Color
TiO, Methylene blue 97)
MIL-53(Fe) PVDF Tetracycline (99)
COD 99.59
Total hydrocarbons 96.69
. TOC 97.72
Tio, PA/RIFIIAS Suspended solids 96.58 (101)
Phosphate 100
Nitrate 100
WO, g9 Tinzaparin sodium 44.89 (102)
9-C3Ny Humic acid (104)
szOg/CUBIzO4 (106)
TiO, Gemfibrozil (108)
Methyl orange 98.5
. Congo red 100
e i3 Methylene blue 98.4 ()

Tetracycline hydrochloride > 96.6

TiO, CuO-cellulose Virus and bacterial >99.99 (112)

TiO,-WO; PANI Cr(v1) (114)
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Figure 12: Schematic representation of the preparation of TiO,/poly(vinylidenefluoride-trifluoroethylene) (TiO./PVVDF-TrFE) nanocomposite
photocatalytic membranes (PMs) by solvent casting, (a) ultrasonic bath of N,N-dimethylformamide (DMF) and TiO, nanoparticles (NPs), (b)
magnetic stirring of DMF, TiO, NPs, and PVDF-TrFE, (c) pouring of the solution on a glass support, (d) solvent evaporation at room temperature,
and, (e) membrane after complete evaporation of the solvent (140).
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Figure 14: Photocatalytic degradation of Methyl Orange (MO) in
distilled water (DW) in continuous mode under near UV-vis and
visible light irradiation (148).

High Voltage
[Power Supply,

PVDF NFs

PVP-TiP NFs

Electrospinning on Si-wafer

Drying
@@
on SSF
: g Calcination .
= —

Free Standing
TiO, NFs Layer

Sl S (1) ol (st yo> 4555998 5l ales N S5
3l 555,598 (1) 5 Sl y ooy (1) e300 1355, Joloma
OF) 6l g8 slas
Figure 13: Schematization of the proposed solar photoreactor: (1)
flask containing tartrazine solution; (2) peristaltic pump; and, (3)
photoreactor containing the PM (140).
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Figure 16: Schematization of the decatungstate-promoted
photocatalysis in water (152).
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Figure 19: Degradation of (a) Methyl Orange (b) Golden Yellow dye with different proportion of C-TiO,:CFA (159).
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Figure 20: Removal Efficiency (%) versus Time with increase in initial dye concentration (a) Methyl Orange, and (b) Golden Yellow dye (159).
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