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1. Introduction 

Nowadays, there is an increasing demand for clean water and sanitation. One of the emerging 

technologies to get sustainable clean water can be based on advanced oxidation processes (AOP). 

Among them, the heterogeneous photocatalysis is an AOP process in which semiconductor 

materials are illuminated with solar/UV light to originate redox reactions and enable the treatment 

of organic, inorganic species, and microbes [1, 2]. However, its suitability in real applications is 

still challenged by various essential aspects. One of these is the cost-effective recovery of dispersed 

particles, their filtration and recycling [3-5]. Indeed, for high photoactivity, nano-scale particles 

are preferred because of prominent surface area, better dispersion in the bulk reactors, and 

optimum activation from the irradiation source [6, 7]. Though, these particles are hard to recover 

and reuse; moreover, they increase the operational cost of the water treatment [3, 4]. Alternatively, 

various studies have suggested diverse materials as fixed supports for the active particles, with a 

focus on carbon, silica, and mineral-based porous supports that could allow a good contact between 

the immobilized semiconductors and the targeted contaminant for continuous treatment. Examples 

of such supports are silica-based [8-10], activated carbon [11, 12], synthetic clay laponite [13], 

glass, steel mesh [14-16], and recently some polymers such as polyimide [17]. However, with such 

immobilized fixed supports, the photocatalytic response is reportedly lower than using bulk 

materials, because of low dispersion, reduced transparency, limited mass transfer, and weak 

interaction of the immobilized semiconductor with the targeted contaminants [3]. Thus, these 

limitations slower the advancement of non-slurry application alternatives, as the immobilization 

supports should satisfy requirements of chemical inertness, transparency to the irradiation source, 

and adequate channels and permeations to capture the targeted contaminants in the bulk reactors 

[18, 19]. 
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Merging membrane and photocatalytic technologies has been considered recently. In this case the 

semiconductor materials could be incorporated/embedded within the porous membrane to 

maximize the degradation efficiency. Such an approach turned into a great achievement in treating 

wastewater. The porous network of tiny channels in the membrane could be used to embed the 

semiconductor materials, and further to capture and adsorb the contaminants, so as their removal 

could be maximized. Recent results have shown that adding semiconductor particles to the 

membrane has improved water flux [20], refined permeability and selectivity [21], boosted 

antifouling properties [22] and raised adsorption sites, which ultimately enhanced the adsorption 

of the membrane [23]. Different kinds of materials were used to prepare photocatalytic membranes 

such as ceramics, zeolites, but mostly polymers [24]. However, irradiation and generation of 

oxidizing species in the reaction environment cause abrasion and leaching of the semiconductor 

from the membrane itself [24]. Therefore, for its chemical, thermal, and mechanical stability, 

Nylon polymer could be a promising option for semiconductor embedding and composite usage 

as a photocatalytic membrane. Indeed, electrospun Nylon-6 nanofibers have a large surface area 

and active sites that could improve the adsorption of pollutants for the subsequent degradation 

[25]. Moreover, the electrospun nanofibers have demonstrated improved properties in dye removal 

[26], advanced filtration [27], and antibacterial properties [28].

Besides the degradation and removal of organic and inorganic pollutants, various studies have 

explored the potential of semiconductor-polymeric composite membranes for the inactivation and 

removal of pathogens through the same principle i.e. the attack of the cell membrane through 

reduction-oxidation reactions and consequently the reduction in their growth [28, 29]. Some of the 

reported semiconductor composite membranes include embedded oxides of silver, titanium, 

cerium, zirconium, and iron, and have shown antimicrobial response against common pathogens 
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For the composite membrane performance against the mixed regime of dyes, i.e. of different 

chemical structures and ionic behaviors, separately prepared solutions of IC and RhB (at a molar 

concentration of 1 x 10-6 M) were mixed at even proportion. The prepared mixed stock of 2 L was 

evaluated on the CPMR, under similar operating conditions, briefed earlier.

2.5.3 Photocatalytic bacterial inhibition/inactivation

Initially, the inhibition of E. coli ATCC (8739) was performed on agar plates, using the bare and 

composite membrane cut into 10 x 10 mm2 pieces. In brief, the inoculum (100 µL) was taken from 

the overnight incubated E. coli culture at the concentration of 1x106 CFU/mL and was spread on 

LB agar plates. Then, the bare Nylon/composite membrane was placed in the center of the plate 

and incubated for 24 h at 37 ± 1 °C; the test was performed in the dark or in the presence of white 

LED lamp (100 W/m2). After 24 hours, the inhibition zone was observed in the culture plates [45]. 

The experiments were conducted in duplicate, and the zone of inhibition was calculated as 

suggested in the previously reported studies [46, 47]. Further, for the evaluation of liquid bacterial 

suspension, E. coli was inoculated in a 50 mL tube of LB broth (Oxoid, England) after overnight 

incubation at 37 °C and shaking at 120 rpm. Afterward, the culture broth was centrifuged at 5000 

rpm for 10 minutes, and the settled pellets were washed several times with a sterilized normal 

saline solution (0.85% of NaCl). Then, the bacterial biomass was diluted in 2 L of saline solution 

to reach a bacterial concentration around 1x106 CFU/mL, by measuring an optical density (OD) 

of 0.01 at 600 nm. The prepared bacterial stock was tested in the CPMR for photocatalytic 

inactivation, at 25 mL/min. Initially, the dark conditions were maintained for 30 minutes, then the 

cylindrical tube was irradiated. A 100 µL sample was collected in a predefined time sequence of 

photocatalytic treatment. The collected samples were serially diluted and plated on LB agar plates, 

incubated for 24 hours at 37 °C, and the numbers of bacterial colonies were counted. 
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