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Abstract

Background and Objective: One of the main applications of titanium dioxide nanoparticles is killing
the microorganisms spatially in drinking water and wastewater treatment.

Method: Pure bentonite/Titanium Dioxide nanocomposites and doped with 3, 5 and 10% w/w silver
were prepared by molten salt method. In this study, the antibacterial activity of silver doped titanium
dioxide/bentonite nanocomposites was studied against two important microorganisms in food industry
i.e. Escherichia coli and Staphylococcus aureus under visible or UV radiation. The photocatalytic
activity of these composites against methyl orange was also investigated. The prepared
nanocomposites were characterized by scanning electron microscope (SEM), X-ray diffraction (XRD),
Energy-dispersive X-ray spectroscopy (EDX), UV-Vis diffusive reflectance spectrometer (UV-Vis
DRS).

Findings: The scanning electron microscope was showed, that agglomeration of spherical TiO,
nanoparticles formed on the bentonite surface. The XRD pattern revealed that all of the samples have
only an anatase phase with crystalline size less than 50 nm. According to EDX analysis, the silver ions
successfully doped to the TiO, nanoparticles. According to UV-Vis DRS results, increasing amounts
of doped Ag content in the silver-doped titanium dioxide results in a higher visible absorbance
capability of the materials. Parent bentonite did not show antibacterial activity. Titanium
dioxide/bentonite nanocomposites showed very weak antibacterial activity. The results showed that
the antibacterial ability was significantly improved by doping silver content comparing with pure
TiO,/bentonite nanocomposites. This study also showed that Gram-positive bacteria (S. aureus) were
more readily disinfected by the photo catalysts than a Gram-negative bacterium (E. coli). According to
photocatalytic activity findings, doping of nanocomposites with 5 % silver ions showed maximum
photocatalytic activity. This is attributed to the increasing visible absorption capacity due to the
presence of silver ions.

Discussion and Conclusion: Antibacterial and photocatalytic activity of titanium dioxide/bentonite
nanocomposites increases dramatically due to the addition of silver ions. This can be attributed to the
release of silver ions from nanocomposites and the increase in the production of free radicals as a
result of increased photocatalytic activity due to reducing the energy gap of titanium dioxide
nanoparticles in nanocomposites.

Keywords: Nanocomposites, Bentonite, Titanium Dioxide, Doping, Silver.
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Figure 1. The SEM images of (a) bentonite; (b) pure bentonite/titanium dioxide nanocomposites and doped with
(c) 3, (d), 5 and (d) 10% silver
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Table 1. Weight ratio of silver to titanium in nanocomposites
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Figure 2. XRD of (a) bentonite; (b) pure bentonite/titanium dioxide nanocomposites and doped with (c) 3, (d), 5
and (d) 10% silver
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Table 2. Crystalline Size of Titanium Dioxide Nanoparticles
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Figure 3. DRS spectra of (a) bentonite; (b) pure bentonite/titanium dioxide nanocomposites and doped with (c)
10% silver



YAQ e i gy S J9polS b (Sl U5 98 g (19,500 W Lol

ab 69y 2o g 69y o D39 lacejsalS sl
Sldgls o 288w Gl Sk 5 S
& Adns JU Sl (il cools Ghls paulis anSTes
cadls b s | el ool (4, YY) assl .
Db jshiie  ged 2ol ol aanSlso (S JUlS 28
53 U oged oolitul (0,5 090 g rdneligle 5 GGl
anSTs e lilS 525 ol ol S Lage
Cools 5 00 adys SS9 000 S13T (sl SIS0 el
Cools >l )0 05 o Didgl cnl JU St ]
Syt poeilid 9l slacyjsals sl JL Sl il
a8l o0l )58 ;503 lelajenalS ol 5l i (S 9 Jolae

.é}g

i |y oo 90alS ol Jb S bl s UG ¥ Jgur
Ok sl ugS s pheslinl s (Blip 3l 6 23S L g 0o
iyt e salin ¥ Jyiz 1 85 pbolon wans e
CaipeelS 5l Al s sy San k Camols sl eyl
S 45 ool L peli aenSlgd) gin
sty hinslisle jo5 jpa> )0 Cajeeliall (nl Wil e
Sl g 55 o Mhe 3 (5 i s San i ol
SIS o Gl ) oo wblioe (e 5 spa> 4 S
)% 0059 ;3 45 0,5 gl Ladigel opl YL (55,
Shdele mls anlie b wpSee 5 sl
Sldde @l b cudgin] palis amsles slacyjemalS ol

aslen [0 @l dsib 31 eolazwl b oo plowl L8 wldiss

o gl gl (919 S0 iy (S yIo3L =Y Jou
Table 3. Inhibition of microbial growth of nanocomposite
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Figure 4. photocatalytic activity of (a) bentonite; (b) pure bentonite/titanium dioxide nanocomposites and doped
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Figure 5. photocatalytic activity of (a) bentonite; (b) pure bentonite/titanium dioxide nanocomposites and doped
with (c) 10% silver under visible irradiation.
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