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ABSTRACT 

 
In the present study, a new composite catalyst which highly active under the visible light was synthesized by immobilizing 

onto bentonite surface using ZnO materials (ZnO/Bent). For this, a simple in situ participant technique was used. The samples 

were characterized using SEM, XRD, BET techniques. SEM images possess that ZnO particles have nearly a spherical 

structure. Bentonite clay was used to increase the surface area of the samples. The obtained BET surface area of the samples 

shows that the ZnO/Bent catalyst was lower than that of pure Bentonite. The aim of this study was to evaluate the effectiveness 

of photocatalytic disinfection with ZnO-Bent composite against Escherichia coli and Pseudomonas aeruginosa under visible 

light. The obtained results show that when E. coli strain was subjected to ZnO-Bent mediated photocatalytic disinfection under 

solar irradiation, more than 98 % disinfection of the targeted E. coli was achieved within 2 hours and also 100% of P. 

aeruginosa colonies were inactivated within 4 hours under solar irradiation. A Possible degradation mechanism for ZnO/Bent 

composite was proposed in this study. 
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1. INTRODUCTION 
 

Recently, toxic organic compounds that come from industrial development have caused a great 

environmental problem. Thus, the removal of these pollutants has become a major problem in scientific 

research. These organic toxic compounds negatively affect the human, environment and other 

organism’s health in nature [1]. Every year, so many people are affected by contaminations of 

microorganisms (viral, bacterial) in the environment. Especially intestinal infections caused by 

contaminated water have also become leading causes of malnutrition and poor digestion [2]. The 

technology has the potential to provide an alternative method against the spread of infections, especially 

in view of the progress of visible light-activated catalysts. Photocatalysis has much more attention 

attracted worldwide due to its potential to inactivate a wide variety of microorganisms, by using solar 

energy. Photocatalysis is a safe, non-toxic, and rather cheap disinfection method and also adaptability 

allows it to be used for many purposes. Photocatalysis is a viable alternative technology for water 

treatment, indoor air, medical equipment disinfection, pharmaceutics, food industry, plant protection, 

wastewater purification systems, drinking water disinfection largely because of its potential use. Direct 

solar energy success both disinfection and chemical detoxification [3, 4, 5, 6]. Disinfection of 

microorganisms by photocatalysis is of particular importance when compared to traditional chemical 

applications. Chlorination and other chemical applications have so many disadvantages. For instance, 

using chlorine for disinfection may regenerate organics in the water to chloro-organic compounds which 

are quite carcinogenic [7, 8]. Another thought of the traditional disinfection method is that pathogens 

and their cysts tend to develop resistance to chlorine disinfection or require higher doses for complete 

disinfection [7-10]. Different alternatives of disinfection for instance ozonation and irradiation have 
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some limitations, for instance, the lack of residual effect [11] and generation of colony alternatives [6, 

12, 13]. Bentonite is a silicate-based clay mineral. It has a large specific surface area and great absorption 

property. Some researchers expressed that bentonite based ZnO is an efficient composite photocatalyst. 

It can have degraded organic toxins in the water medium. Also, Bentonite can effectively light 

absorption in the visible region. This caused more photoactive performance for ZnO/Bent photocatalysts 

sample [15]. There are so many studies about photocatalytic disinfection. For example, Sun and co-

workes were studied the disinfections of Aspergillus flavus. They expressed that as synthesized 

composites were composed of rhombic NiFe2O4 nanosheets and g-C3N4 nanosized sheets, and 0.2 g-

C3N4/NiFe2O4 (mass ratio) demonstrated the perfect activity with above 90% disinfection rate under 90 

minutes visible light irradiation. The efficient disinfection performance was atributed to the supportive 

charges’ separation, fine photoelectric properties and proper band structure [16]. Another work was 

performed by Najma and co-workers [17]. They stated that the structure and morphology of ZnO has an 

effective catalytic surface due to the hierarchical porosity and membrane formation on AAO substrates 

which showed a strong catalytic performance against E-coli. They also stated that the obtained results 

facilitated the transfer and diffusion of Zn2+ by the oxygen species in the reaction medium together with 

the large catalytic surface [17]. The study about the effective catalytic performance of zinc against some 

bacteria when in composite form was carried out by Karunakaran and co-workers. According to their 

findings, the incorporation of ZnO in TiO2 has higher charge transfer resistance and lower capacitance 

under visible light [18]. The above studies have shown that photocatalytic disinfection processes can be 

applied by so many materials. 

 

In the present study, ZnO and bentonite supported ZnO was synthesized by facile precipitation method. 

The visible light utility photocatalytic disinfection of microorganisms by ZnO/Bent composite. 

ZnO/Bent photocatalytic disinfection model has not been used against E. coli and P. aeruginosa until 

this time. 
 
2. MATERIAL AND METHOD 

 

All materials were of analytical grade except Bentonite, and they were used without purification. Firstly, 

12.5 ml of ethylene glichol, 4,5 g of Zn (NO3)2•2H2O were added to 50 ml of water and stirred for 30 

min at 40°C (Solution A). simultaneously, 44 ml of LiOH solution (0.1 mol/L-1) was added to solution 

A. Cloudly like Zn (OH)2 was obtained onto Bentonite surface and stirred for 3 h. Hexane was added to 

ZnO sol to store for a night at 5°C. the white gel and then centrifuged and rinsed with distilled water. 

The obtained particle was dried at 80°C and calcined at 300°C for 3 hours. Bare ZnO nano spherics were 

synthesized as defined above procedure without the addition of bentonite. 

 

The  crystalline  phase  was  examined  by  XRD  (Rigaku Dmax 350) using copper K radiation 

(λ =0.154056 nm). The microstructure and shape of the particle were researched using SEM (JEOL JSM-

7600F). The element was determined with (JEOL JSM-7600F) EDAX analyzer with SEM 

measurement. The Brunauer-Emmett-Teller (BET), pore-volume, and pore size were measured using 

ASAP2010 (Micromeritics Instrument Corporation, USA) with N2 adsorption at 77.35 K.  

2.1. Antimicrobial Activity on Bio ball 

 

The antimicrobial susceptibility profile of ZnO-Bent was determined by the Spreading Plate method. 

BioBall MultiShot 10E8 is a freeze-dried water-soluble ball containing a precise number of viable cells. 

BioBall is produced to the world’s highest quality standards, achieving ISO Guide 34, a standard for 

reference material producers, accreditation. Each BioBall was rehydrated in 1.1 mL Re-Hydration Fluid 

containing 10 doses of 100 uL with 107 cfu each, resulting in a target concentration of 5 × 105 cfu per 

mL when inoculated in 20 mL of Nutrient Broth (NB) [13]. Activated bacteria were used in the 

Spreading Plate method [14]. 
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2.2. Bacterial Strains and Growth Conditions  

 

E. coli (NCTC 12923), P. aeruginosa (NCTC 12924) BioBall MultiShot 10E8 were used. Nutrient agar 

for bacteria was prepared and diluted to 25 ml of petri dishes for the purpose of studying the surviving 

microorganisms. The material was weighed at 250 μg/mL and incubated with microorganisms. At the 

2nd, 4th and 6th hours samples were taken, incubated in daylight, specimens taken, transferred to new 

petri dishes and incubated for 24 hours at 37 ° C, then the colonies were counted with the help of a 

magnifying glass.  

 
3. RESULTS 

 

3.1.XRD Analysis 

 

Figure 1 shows the XRD patterns of Bent, ZnO and ZnO-Bent materials. From Figure 1, the 

characteristic peak of bentonite at 21.81°, 27.62 and 35.88 2θ degrees are seen in the Bentonite structure. 

The peaks appear at 2θ=31.83, 34.45, 36.28, 47.56 are shown in ZnO-Bent pattern which is wurtzite 

structure of ZnO indexed as (1 0 0), (0 0 2), (1 01), (1 0 2) plane respectively [19]. Also, bentonite and 

no peaks are obtained in the ZnO-Bent XRD sample [20]. 

 

The intensity of major peaks of ZnO decreased in ZnO/Bent sample. The decrease in diffraction peaks 

of ZnO was related to the interaction between Bentonite and ZnO oxides. These results confirmed that 

ZnO dispersed onto the Bentonite surface effectively. The calculated particle size of ZnO and ZnO-Bent 

from the Debye-Scherer equation was obtained to be 30, 50 and 80 nm approximately. 

 
 

Figure1. XRD pattern of Bentonite and ZnO/Bent catalysts 

 

3.2. SEM and BET Analysis 

 

SEM analyses of the samples are presented in Figure 2. From Figure2, bentonite clay has cottony–like 

structure. ZnO particles displayed nano spherical morphology. In addition, the SEM image of the ZnO-

Bentonite catalyst exhibited the same morphology with the ZnO. This indicated that bentonite clay did 

not change the ZnO morphology. However, the particle size of the ZnO decreased after immobilization 

onto the bentonite surface. This confirmed that effective dispersion caused lower particle aggregation 

energy. The BET surface areas of the synthesized catalysts are shown in Table 1. From table 1, as seen, 

the BET surface area of the ZnO-Bent sample decreased effectively confirming the excellent dispersion 

onto the bentonite surface. 
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Figure 2. SEM images of Bentonite (a), ZnO (b) and ZnO/Bent (c) catalysts 

 

Table 1. Textural and pseudo first-order data of the synthesized catalysts 

 

Sample BET (m²/g) Pore volume (cm³/g) Pore size (nm) 

Bentonite 125.25 1.689 17.98 

ZnO 
ZnO-Bent 

2.563 
56.10 

0.055 
0.158 

1.295 
11.622 

 

3.3. UV-DRS analysis and Structural Properties  

 

Figure 3 presents the UV-DRS spectra of the ZnO and ZnO-Bent samples. As seen that both samples 

show a strong absorbance between 300-400 nm. The absorption spectrum of ZnO shifted to a higher 

wavelength when it was loaded onto bentonite clay. The edge of the bandgap of ZnO and ZnO/Bent are 

381 and 406 nm respectively. The bandgap energy which can be calculated from the onset of the 

absorption edge (𝜆𝑔) using the 𝐸𝑔 =
1240

𝜆𝑔
⁄  the formula is 3.25 and 3.05 eV for the ZnO and ZnO/Bent 

catalysts respectively (redshift). These results are likely to be related to crystallite defects after dispersed 

onto the bentonite surface. This also shows that bentonite assisted ZnO (ZnO-Bent) has useful for the 

degradation of hazardous under visible light [21]. 
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Figure 3. UV-DRS spectra of the samples 

 

Photocatalytic mechanism has been potential of inactivation of diverse microorganisms such as bacteria 

(gram-positive and negative), endospores, fungi, algae, protozoa, viruses. Photocatalysis has also been 

shown to be capable of inactivating prions [24]. Foster and friends (2011) reported that; In recent years, 

there has been a significant increase in the number of publications referring to photocatalytic disinfection 

models [25]. 

 

Mahon and friends investigated the performance of photocatalytic treatment processes by using different 

photocatalysts against E. coli and bacteriophages MS2, ΦX174 and PR772, under real sunlight 

conditions [26]. 

 

Oh,and friends investigated the antibacterial activity of the CuBi2O4 composites (i.e. CuO–CuB, CuO–

CuB–EG, CuO2–CuB–EG and CuO3–CuB–EG) against E. coli. E. coli (major group of Gram-negative 

bacteria) was selected as the model pathogenic organism [27].  

 

The performance of the photocatalytic treatment process was assessed using ZnO-Bent photocatalysts 

against E. coli and P. aeruginosa. Figure 5 shows a plate with E. coli colonies in the initial concentration 

sample, as a control. Photocatalytic disinfection by ZnO- Bent against E. coli reached the max level 

within 2 hours (Figure 5-6). Within 2 hours of photocatalysis, 98.3 % (Table 3) of E coli inactivation 

was achieved and then within 4 hours of photocatalysis with daylight, 89% (detailed in table 3) of E. 

coli was inactivated (Figure 6). Figure 6 shows that there has been a sharp drop in the number of E. coli 

colonies within 2 hours of ZnO-Bent photocatalyst activity. 

 

Figure 7 shows a plate with P. aeruginosa colonies in the initial concentration sample, as a control. After 

2 hours of irradiation with visible light 86% of P. aeruginosa were inactivated. Photocatalytic disinfection 

by ZnO- Bent against P. aeruginosa reached the maximum level within 4 hours (Figure 7-8). 

 

The antibacterial potential of ZnO-Bent under visible light irradiation was detailed in Table 3. ZnO-

Bent photocatalytic activitiy was evaluated by the inactivation of E. coli and P. aeruginosa. The 

experimental results showed that ZnO-Bent inactivated 98.3% of E. coli colonies within 2 hours 

incubation and inactivated 100 % of P. aeruginosa colonies within 4 hours (Table 3).  
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Figure 5. Antimicrobial effects of ZnO-Bent against E. coli colonies. E. coli cultivated plates incubated ZnO-

Bent: a) Control, b) 2 hours of incubation with Zno-Bent, c) 4 hours of incubation with Zno-Bent 

photocatalyst. 
 

 

 

Figure 6. The antimicrobial capacity of ZnO-Bent photocatalys activity under visible light. 

 

 
 

Figure 7. Antimicrobial effects of ZnO-Bent against P. aeruginosa Colonies. P. aeruginosa cultivated plates 

incubated ZnO-Bent: a) Control, b) 2 hours of incubation with Zno-Bent, c) 4 hours of incubation with 

Zno-Bent photocatalyst. 
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Figure 8. The antimicrobial capacity of ZnO-Bent photocatalyst activity under visible light is presented in a time-

dependent manner. 

 

Table 3. Microbicide activities of ZnO-Bent against E. coli and P. aeruginosa respectively. 

 E. coli (2 hours 

incubation) 

E. coli (4 hours 

incubation 

P. aeruginosa  

(2 hours incubation) 

P. aeruginosa  

(4 hours incubation) 

ZnO-Bent %98.3 %89 %86 %100 

 

 

Figure 9. Photocatalytic illustration of disinfection of e-coli under visible light 

From Figure 9 when excited the ZnO-Bent catalyst under visible light the valence band electrons 

transferred to its conductive band level. In this case, the charge carriers which are holes and electrons 

reacted with H2O and O2 to form hydroxide (𝑂𝐻−) and superoxide (𝑂2
−.) radicals respectively [22]. 

This oxidation process caused to inactivate the E. coli and P. aeruginosa [23]. 
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4. DISCUSSION 

 

ZnO/Bent photocatalytic inactivation performance against P. aeruginosa was highest at the end of 4 

hours. ZnO/Bent photocatalytic inactivation performance against E. coli was highest at the end of 2 

hours. In summary, as synthesized ZnO/Bent particles were spherical morphology with cotton-like 

bentonite. the ZnO/Bent catalyst was fabricated by introducing the ZnO compound onto the Bentonite 

surface. The photocatalytic performance of as-synthesized catalysts shows that ZnO/Bent composite 

exhibits better photoactivity than pure ZnO under visible light. Based on the above results, the enhanced 

photocatalytic activity for the ZnO/Bent catalyst can be attributed to two major factors. The first one is 

the efficient inhibition of recombination rate of 𝑒
−

ℎ+⁄  pairs. This caused more radicals available on the 

catalyst surface to inactivate the E. coli and P. aeruginosa. The second one is the higher adsorption 

ability in the ZnO/Bent system. Photocatalytic mechanism efficiency depends on the particle size of the 

composite and microorganism type. This research exhibits the efficiency of ZnO/Bent photocatalytic 

disinfection model against E. coli and P. aeruginosa. Manuscript expected to offer useful perspectives 

for the future improvements in this research area. 
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