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Abstract 

Bio nanocomposite clay-based material Montmorillonite (MMT) and Titanium dioxide (TiO2) are modified 

for the application to antibacterial effect in waste water. TiO2 is employed because of its photostability, 

nontoxicity, high activity, and relatively low cost. In that view, the current study investigates the 

antibacterial potentials of TiO2/MMT nanocomposite formed by the hydrothermal synthesis route. The 

physicochemical properties of the formed TiO2/MMT nanocomposite were characterized by the powdered 

XRD, SEM, EDAX, BET, FTIR, and UV-Visible spectroscopies. The crystallinity and crystal structure are 

confirmed by the XRD, the bonding information and surface functionality by the FTIR, and the morphology 

and elemental composition with the SEM/EDAX analysis. From the BET investigations, the structural 

morphology of TiO2/MMT nanocomposite showed an improved pore volume, surface area, and voids, while 

the optical properties of TiO2 nanoparticles significantly enhanced following the composite formation with 

that of MMT. Further tests of antibacterial activity of TiO2/MMT nanocomposite towards Gram-positive 

(Bacillus cereus, Enterococcus and Staphylococcus aureus) and Gram-negative (Escheria coli and 

Pseudomonas aeruginosa) bacteria supported the efficiency of prepared composite and thereby confirming 

its promising potentials in the applications related to microbial removal from wastewater. 
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Introduction 

Water is a primary resource for the presence of life on 

earth and access to clean water is critical for humans 

and the ecosystem. Nonetheless, during the last 

decades water quality has been negatively influenced 

by a continuously increasing population, rapid 

industrialization, increasing urbanization, and 

careless utilization of natural resources (Vardhan  et 

al., 2019; Carolin et al., 2017). Organic matter, 

nutrients, pharmaceutical and personal care 

products, poly- and per fluoro alkyl substances, 

biocides, heavy metals, dyes, radionuclides, plastics, 

nanoparticles and pathogens are among the 

pollutants of major concern (Villarín and Merel, 

2020). 

 

In recent years, there has been huge demand for the 

development of sustainable water treatment 

technologies due to a significant increase in the 

number of river and ground water pollutant bodies 

like the metallic, dye, and toxic ions (Kumar, 2021). 

Since the drinking and agriculture water contains 

large amounts of toxic substances and dyestuffs and it 

is of highest priority to remove them in order to 

overcome the water scarcity at a global level 

(Prasannamedha et al., 2020). In addition to the 

separation of pollutants from the river and ground 

water streams, the uninformed microorganism 

purification is also highly important as the microbial 

contaminated water can cause severe health problems 

and may even drag to the death (Zeng et al., 2019). 

 

Titanium dioxide (TiO2) is an important and most 

efficient semiconductor material which is commonly 

used as a photocatalyst by taking advantage of its 

photosensitizing capacity, i.e., asphoto-oxidizer or 

reducer to breakdown/activate the organic, inorganic, 

and biologicalmoieties (Rasouli et al., 2014; Butman 

et al., 2020). In addition, taking into consideration of 

its oxido reductase potentials under the influence of 

irradiation, the TiO2 and its hybrid composites are 

being engaged for the controlling of the microbial 

contamination and disinfection of membrane/glass 

surfaces using chemical agents (biocides). Since the 

recently developed semiconductor metal oxide photo 

catalysts are investigated to serve as promising 

alternatives to the conventional disinfection 

techniques, there have been many different 

composites introduced with change of ingredients 

and ionic composition in order to address multiple 

application requirements (Hassani et al., 2020; Bayal 

et al., 2017). As an example, the MMT (TiO2–MMT) is 

commonly used as photocatalyst support due to its 

large surface area, cation absorption capacity. 

Montmorillonite is an effective dopant; it can 

influence the photocatalytic efficiency of Titania by 

decreasing the particle size and increasing its thermal 

stability and surface area. Modification of 

Montmorillonite will get improved antibacterial 

effect. This is because the MMT can easily attach to 

the cell wall of microbe (Nabih et al.,  2019; Ghanbari 

et al., 2020). 

 

Therefore, the present work investigates the efficiency 

of TiO2/MMT nanocomposite synthesized by the 

hydrothermal method. For the characterization, the 

crystalline and crystal structure of the composite were 

evaluated by the powdered XRD analysis, while the 

optical and photo catalytic property by the UV-Vis, 

functionality by FTIR, morphology by SEM, and 

surface area with the BET analysis. Further, the 

antibacterial activity of as-synthesized TiO2/MMT 

nanocomposite was evaluated by testing against the 

four different bacterial cultures of Enterococcus 

faecalis and Staphylococcus aureus (Gram-positive) 

and Escheria coli and Pseudomonas aeruginosa 

(Gram-negative), as the results generated can help to 

improve the quality of water following its treatment. 

 

Material and methods 

Chemicals 

All chemicals such as titanium dioxide (TiO2), 

Montmorillonite (MMT), titanium isopropoxide 

(TTIP) and methanol were purchased from Sigma 

Aldrich (Mumbai, India). It was used as received 

without further purification. Distilled water was used 

as solvent in all the preparations. 
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Synthesis of TiO2/MMT nanocomposite 

To synthesize TiO2-MMT composites, Tetrabutyl 

titanate was added to deionized water of about 30 ml. 

Stir the mixture for 5 min so that the mixture gets a 

uniform dispersion. In a beaker 80 ml of deionized 

water was taken, Montmorillonite (MMT) was added 

to it. After a gentle mix beaker was sealed well with a 

cligfilm to avoid evaporation. This suspension was 

stirred using a magnetic stirrer for 4 hrs. Now the pH 

of the solution reaches at 8. Allow the solution to 

stand for 10 min so that it reaches homogeneity. Now 

transfer the solution to a hydrothermal autoclave and 

heat the mixture at 200℃ for 12 hrs. Cool the mixture 

to room temperature. Wash the sample and kept at 

hot air oven for 12 hrs at 80℃ to get TiO2-MMT 

composites. 

 

Instrumental analysis 

The X-ray diffraction (XRD) pattern was recorded by 

using BrukerD8 advance powder XRD instrument 

with CuKα radiation (λ= 1.5406Å). The optical 

properties by means of UV-Visible spectroscopy were 

tested on AGILENT 5000 UV-Vis spectrophotometer 

in thespectral range between 200 to 700nm. The 

FTIR analysis was recorded on the Thermo Nicolet 

Avatar 370in the range of wave number is 4000 to 

400cm-1. The microstructure was recorded on the 

Jeol/JEM2100 with the point of resolution 0.23nm. 

 

Antibacterial activity assay 

Test organism 

Enterococcus faecalis, Staphylococcus aureus, 

Escherichia coli, and Pseudomonas aeruginosa were 

the test organisms employed for the antimicrobial 

analysis, and they were bought from the Microbial 

Type Culture Collection and Gene Bank (MTCC) in 

Chandigarh. Nutrient Agar was used to sustain the 

bacterial strains. 

 

Nutrient broth preparation  

A NA plate was inoculated with pure culture from the 

plate, and it was subcultured at 37°C for 24 hours. To 

create the standardized inoculums, fresh culture was 

aseptically added to a 2 mL sterile 0.145 mol/L saline 

tube. Cell density was then adjusted to a 0.5 

McFarland turbidity standard to produce a bacterial 

suspension with 1.5 ×108 colony forming units 

(CFU)/ml. 

 

Preparation of plates 

According to the manufacturer's instructions, the 

medium is prepared and sterilised. For testing on 

fastidious organisms, de-fibrinated blood may be 

required; in this instance, the medium should chill to 

50°C before 7% of blood is added. Since human blood 

might include antibacterial agents, it is not advised. 

Petri dishes should have the medium added to a 

depth of 1 mm, using 25 mL for an 85 mm circular 

dish and 60 ml for a 135 mm circular dish. After being 

prepared, the poured plates are kept at 4°C and 

utilized within a week. 

 

The plates are dried with the lids slightly ajar before 

inoculation to ensure that there are no water droplets 

on the agar surface. The drying circumstances will 

determine how long it takes to do this. When the 

medium was being prepared, its pH was monitored 

and kept within the range of 7.2 to 7.4. 

 

Preparation of inoculums 

A wire loop was used to transfer at least four 

morphologically identical colonies from an agar 

medium to a test tube containing 1.5 mL of sterile 

appropriate broth. The tubes were incubated for 2 

hours at 35-37°C to produce a moderately turbid 

bacterial solution. Dilution with sterile saline or broth 

at a density equivalent to the barium sulphate 

standard, 0.5 McFarland units, is used to standardize 

the density of the suspension. The standards were 

vigorously shaken before use. 

 

Inoculation 

To ensure that the density did not change, the 

plates were infected within 15 minutes of the 

suspension being prepared. A sterile cotton-wool 

swab was dipped into the solution, and excess was 

removed by rotating the swab against the edge of 

the tube above the fluid level. The medium was 

infected by streaking the swab evenly across the 

plate's surface in three directions. 
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Antibiotics discs 

After drying, single discs are placed using forceps, a 

sharp needle, or a dispenser and gently pushed to 

achieve uniform contact with the medium. When 

testing fastidious organisms, use a loop to contact 

many colonies and cross streak the appropriate plate 

for uniform distribution. A maximum of six discs can 

be contained on an 85mm circular plate, and twelve 

discs can be easily accommodated on 135mm circular 

discs that can be stored at 4°C in sealed containers 

with a desiccant and allowed to reach room 

temperature before being opened. The discs must be 

used before the expiry date on the label, and the 

laboratory-prepared antimicrobial solution is used as 

follows: 

1. Took a 2mm loop filled of standard antibiotic 

solution and carefully dropped it onto a wet paper 

disc until the moistened disc adhered to the loop. 

2. Placed the wet disc on the surface of the infected 

plate in the suitably labelled segment (caution must 

be exercised to avoid accidental "contamination" of 

other discs in the Petri dish with the antibiotic 

solution). 

3. Repeated the procedure for each antimicrobial 

agent to be employed, inserting the impregnated discs 

into their corresponding marked segments. 

 

Incubation 

For fastidious species, the microbial plates were 

incubated for 16 to 18 hours at 35 to 37°C aerobically 

or in a CO2 environment. 

 

Reading of zones of inhibition 

Zone diameters were measured to the closest 

millimetre using vernier callipers or a thin 

transparent millimetre scale. The zone edge is defined 

as the point of sudden decrease in growth, which in 

most circumstances corresponds to the point of full 

inhibition of growth. In some batches of medium, 

organisms may form a film of growth within the 

sensitive zone, which can be ignored. Swanning 

proteus spp. has comparable results. Each zone size is 

evaluated by reference to the organism (Waran and 

Pp, 2016; Ranjbar et al., 2016; Malkappa et al., 2018). 

Results and discussion 

Physicochemical characterization 

Fig. 1(a) provides the powdered XRD pattern of 

synthesized TiO2/MMT nanocomposite where the 

analysis indicates the phase structure. Since Ti has an 

anatase phase, this is the most activated polymorph 

for the occurrence of photocatalytic process. In that 

way, the TiO2/MMT nanocomposite shows the main 

peaks at the 2θ of 25.5°,27, 35.5°, 42°, 54°, 56°, and 

69°where they all can be indexed to the planes of 101, 

004, 200, 105, 211, and 204(respectively) and are 

corresponding to the anatase phase of TiO2(JCPDS 

21-1272) (Yang and Liang, 2019; Parand et al., 2020; 

Waran and Pp, 2016)).Further, the crystalline size of 

TiO2/MMT sample when calculated using Debye-

Scherrer equation provided the average crystal size of 

15nm, thereby confirming for the nanocrystalline 

nature of TiO2/MMT sample. Thus, from the XRD 

analysis of TiO2/MMT, it confirms the existence of 

anatase phase having the most suitable photocatalytic 

active phase of TiO2 elements in the nanocomposite of 

TiO2/MMT (Ruchianwar et al., 2022; Joseph et al., 

2022). 

 

Similarly, the FTIR analysis investigates the quality 

and chemical composition of as-synthesized 

TiO2/MMT nanocomposite where the results are 

provided in Fig. 1(b) in the spectral range of 4000-

400 cm-1. From the spectrum, the observation of broad 

absorption bands centred at 3631 and 3336 cm-1 are 

attributable to the O–H stretching and bending 

vibrations (respectively) (Van Hung et al., 2021). It is 

worth mentioning here that the availability of such a 

hydroxyl group onto the surface of TiO2/MMT 

nanocomposite, the photocatalyst nature and its 

overall efficiency can significantly be influenced. Also, 

the peak at 1664 associated with C=O stretching and 

1086 cm−1 corresponds to the stretching vibrations of 

C–O bonds of MMT moiety. The peak at 696 cm−1 is 

related to the C=C bending. Additionally, the peaks at 

566 and 485 cm−1 correspond to the Ti–O and O–Ti–

O absorption bands of TiO2 respectively (Palhares et 

al., 2021; Kadhim et al., 2022). 
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Fig. 1. Powdered XRD spectral pattern (a) and FTIR spectral analysis (b) of TiO2/MMT nanocomposite. 
 

 

Fig. 2. (a) UV absorbance spectra and (b) band gap energy of TiO2/ MMT nanocomposite. 
 

 

Fig. 3. SEM micrographs of TiO2/MMTnanocomposite at different magnifications (A, B) and the corresponding 

EDAX spectra (C). 

 

Fig. 2(a) provides the absorbance spectral analysis of 

TiO2/MMT nanocomposite and from the spectrum, a 

very sharp band edge in the UV region of 300 to 400 

nm is getting observed for the TiO2/MMT 

nanocomposite. Relation between absorbance 

coefficient and energy is measured for TiO2/MMT 

nanocomposite which is shown in Fig. 2(b). Since 

MMT has very wide band gap energy (Eg) which can 

restrict the photo reactivity of the material. However, 

TiO2 has band gap energy (Eg) of 3.2 eV which lies in 

the ultraviolet region. Addition or coating of Titanium 

dioxide over MMT, the surface reduces the bandgap 

energy to the lower value 2.92 eV. This change can 

make the photo-excitation more adapted and respond 

to the ultraviolet region (Mahanta et al., 2022; Eddy 

et al., 2020).From the results obtained, due to the 

covering of TiO2 nanoparticles above MMT  a strong 

quenching can be noticed. It also acts positively on 

removing and degradation of the pollutant easily from 

the organic dyes. 

 

Surface morphology of the synthesized TiO2/MMT 

was observed by SEM analysis. Figure 3(a-c) 

represents the SEM image of TiO2/MMT at various 

magnifications. SEM images of TiO2/MMT shows 

irregular size particles with no definite shape. The 

lumps with irregular sizes of silicon dioxide can be 

notice from the scanning electron micrographs. 

Granular structure of TiO2 in an embedded form also 

is noticed. The presence of TiO2 immobilized on MMT 

was confirmed from the SEM image by its appearance 

of white spots around the MMT surface. 
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The TiO2/MMT samples show that MMT and TiO2 

forms overlapping of aggregates (Ting Wang et al., 

2021; Takari et al., 2021; Jesus et al., 2021). 

 

Fig. 4. (a) N2 adsorption–desorption isotherms 

surface area and (B) corresponding pore size 

distribution of TiO2/MMT nanocomposite. 

 

 

Fig. 5. Antibacterial activity of TiO2/MMT 

nanocomposite (A) Pseudomonas aeruginosa, (B) 

Enterococcusfaecalis, (C) Bacillus cereus,(D) 

Escherichia coli, and (E) Staphylococus aureus. 

 

Table 1. Pore size distribution of TiO2/MMT 

nanocomposite. 

Sample SA 
(m2/g) 

Pore volume 
(cm3/g) 

Pore size 
(nm) 

TiO2-MMT 42.32 0.139 5.92 
 

Table 2. Inhibition zone of TiO2/MMT 

nanocomposite 

TiO2/MMT 
  25µl 50µl 75µl 100µl control 
Escherichia coli 15mm 15mm 16mm 17mm 18mm 
Pseudomonas 
aeruginosa 

10mm 10mm 10mm10mm 16mm 

Bacillus cereus 18mm 15mm 16mm 18mm 21mm 
Staphylococus 
aureus 

14mm 15mm 18mm 18mm 18mm 

Enterococcus 
faecalis 

21mm 20mm21mm 20mm 22mm 

 

The EDAX spectra of synthesized TiO2/MMT 

nanocomposite are shown in Fig. 3(C). The 

characteristic peaks of Ti, Si, O and C can be observed 

in TiO2/MMT sample. EDX analysis confirmed the 

presence of Ti, Si, and O. The characteristic peak for 

Ti element was observed this indicates that the TiO2 

particles were well doped on the surface of MMT 

(Bilgic  et al., 2022). 

 

BET analysis is carried out to determine the surface 

area of the synthesized TiO2/MMT nanocomposite. 

Fig. 4(a-b) shows the N2 adsorption–desorption 

isotherms and pore distribution curves of the 

synthesized TiO2/MMT nanocomposite. The surface 

area, pore size and pore volume are shown in Table1. 

The nitrogen sorption isotherms of TiO2/MMT 

nanocomposite can be categorized as type IV 

isotherms with type H4 hysteresis loop. The 

hysteresis loop of TiO2/MMT nanocomposite covers a 

relative pressure range of about 0.1–0.8. The quantity 

of N2 adsorbed in the relative pressure range slowly 

increases gradually above 0.85, it rapidly increases to 

reach at 0.99 to obtain a maximum value. The mean 

pore diameter of TiO2/MMT nanoparticle decreased 

while the surface area, micropore volume and total 

pore volume increased. This indicates that TiO2 

nanoparticles have entered into the MMT (YerliSoylu 

et al., 2023; Palhares et al., 2021). 

 

Antibacterial activity 

The antibacterial activity of synthesized TiO2/MMT 

was evaluated against Gram-positive (Enterococcus 

faecalis and Staphylococcus aureus) and Gram-

negative (Escherichia coli and Pseudomonas 

aeruginosa) bacterial cultures on Nutrient agar. To 

distribute the inoculums, the plates were swirled 2-3 

times of bacteria by rotating the dish. 

 

After inoculation, 1.5mg of the test samples were taken 

on the bacteria-seeded plates using sterile forceps and 

the plates were incubated for one day. This measured 

and registered the inhibition zone around the disks. 

Fig. 5 (A-D) provides the visual observation of 

inhibition zones indicating the antibacterial activity of 

TiO2/MMT nanocomposite and the zone of inhibition 

values in mm are tabulated in Table 2. Erythromycin 

was used as the control to test against Pseudomonas 

aeruginosa, Escherichia Coli, Enterococcus, Bacillus 

and Staphylococus aureus. 
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From the analysis, both Gram negative and positive 

bacteria showed better antibacterial activity followed 

by the TiO2/MMT nanocomposite treatment. In this, 

Escherichia coli, Staphylococus aureus, Bacillus, 

Enterococcus and Staphylococus aureus showed 

better activity due to the higher penetrating tendency 

to break the bacterial cell wall, while Pseudomonas 

aeruginosa showed the least activity because of the 

limited penetrating tendency against the bacterial cell 

wall (Daniel Sam et al., 2021).  

 

Conclusion 

In this work, the TiO2/MMT nanocomposite was 

successfully synthesized using the hydrothermal 

method. The surface morphology and BET confirms 

that the MMT nanoparticle is decorated on the 

surface of TiO2. EDAX confirms the presence of 

elements and their purity. The FTIR confirms the 

absorption band of O- Ti- O. The XRD analysis of 

TiO2/ MMT nanocomposite confirms the existence of 

the anatase phase, which is most suitable for the 

photocatalytic active phase using TiO2. From UV-Vis 

spectra, the band gap of synthesized nanocomposite 

decreases and therefore the organic pollutant dyes 

can be degraded easily. In addition, the TiO2/MMT 

showed better inhibition zones against gram-negative 

and gram-positive bacteria confirming the 

antibacterial activity. Finally, based on the 

photocatalytic dye degradation capacity and 

antibacterial activity, the synthesized TiO2/MMT 

nanocomposite can serve as a promising material for 

treatment of dyestuffs and as an antibacterial agent. 
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