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Abstract: Problem statement: Since bacteria mainly causes damage on fresh alelgstand fruits
during transportation to market, anti-bacterial Fighotocatalyst was applied for their packaging
films. However, it has been known that pure J&xhibits low photocatalytic property due to rapid
recombination of photo-activated electrons and $ol@oping with metal or metal oxide shows the
improvement of photocatalytic activity and disirtfien effect. Approach: Fe** was considered to
dope into TiQ/3SnQ photocatalyst in order to enhance the photocatalytoperty and bacterial
inactivation efficiency. The Pédoped TiQ/3SnQ nanoparticles were prepared by sol-gel method and
calcined at 400 °C for 2 h. The synthesized powdaesse characterized by XRD, BET and SEM.
Photocatalytic activity and bacteria killing effeatere determined by means of degradation of
methylene blue solution and inactivationEfcoli bacteria, respectively. These tests were performed
under UV and visible light irradiationdResults: F€* doping into TiQ/3SnGQ has an effect on
inhibition of anatase crystal growth, led to thdaegement of the composite specific surface area.
Therefore, the photocatalytic activity of Feloped TiQ/3SnQ composite in proper concentration was
greater than those of pure Ei@nd TiG/3SnQ and 0.5 mol% F& doping exhibited the highest
photocatalytic activity ané.coli inactivationefficiency. TheE. coli was completely killed within 90
min under UV irradiation or 99.7% inactivated undesible light exposureConclusion: Fe* doped
TiO,/3SnG nanoparticles were successfully synthesized andtifélel as 100% anatase phase. The
0.5mol% F&"-doped TiQ/3SnQ which has particle size of 12.89 pm and specifidase area of
117.61 mg™, exhibited the highest activity and disinfectidfiociency. An attractive feature of Ee
doped TiQ/3SnQ photocatalytic disinfection is its potential to &etivated by visible light. Therefore,
these composite Tithanoparticles can be utilized for fresh food paaka films.
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INTRODUCTION experimental conditions, preparation methods and
standards for the evaluation of photocatalytic \atgti
In recent years, titanium dioxide has beenare there are many argumentative results reported.
extensively used as an environmentally harmoniou$Some research groups have reported that the peesenc
and clean photocatalyst, because of its variousf these foreign metal species in Fi@ generally
qualities, such as optical properties, low cosghhi detrimental for the degradation of organic compaund
photocatalytic activity, chemical stability and non in aqueous systems (Paddaal., 2000; Navioet al.,
toxicity (Hoffmann et al., 1995; Fujishimaet al., 1999; Dohshiet al., 2003; Sinhaet al., 2001) while
2000). However, its practical application seemstéch  some controversial results have also been reported
for several reasons, among which one is the loviggho (Choiet al., 1994; Zhangt al., 1998; Yamashitat al.,
utilization efficiency; another is the need to ube  2002; Arafia et al., 2002). The photocatalytic
Ultraviolet (UV) as an excitation source. In order sterilization property of Titanium dioxide (THD has
solve these problems, the modification of thesebeen documented (Watanabeal., 1999). The first
catalysts has also been attempted by doping them wiresearch on the microbiocidal effect of TFiO
various transition metals, including ¥eBecause the photocatalytic reactions was carried out with
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Escherichia coli (Matsunaga et al., 1985) and When:

subsequently has been intensively conducted orda wi D = Crystallite size (nm)

spectrum of organisms including viruses, bacteriap =the wavelength of the x-ray radiation (GQuK
fungi, algae and cancer cells (Sirgial., 2001) In the =0.15406 nm)

last decade, Ti©has been widely utilized as a self- B = the angle width at half maximum height

cleaning and self-sterilizing material for coatingainy 6 = the half diffraction angle of the centroid ofeth
clinical tools including sanitary ware, food tabbee peak in degree

and cooking ware and items for use in hospitals N
(Fujishimaet al., 2000). It has been approved by the ~ The morphology of sample and specific surface
American Food and Drug Administration (FDA) for use area of TiQ/3SnG/0.5F€” powder were characterized
in human food, drugs and cosmetics and compounde@y Scanning Electron Microscope (SEM), Matersizer
in food contact materials such as cutting board ang000 and BET surface area measurement, respectively
other surfaces in contact with unprotected food. A
anticipated use as a new material technology furéu
requirements is in the hygienic design of food
processing facilities. As known, doping TLiQwith
metallic ions or oxides such as3keAg, or SnQ

enhances the photocatalytic activity and bacteitiads MB with a concentrqtion of 1xTOM was mixed with
effect (Zhanget al., 2008; Akhavan, 2009; Erka al., 1.5 g of photocatalytic powders (pure Bi®i0,/3SnG
20086). and TiGQ/3SnQ doped with 0.3, 0.5, 0.8, 1.0 and 1.2

mol% F€*) under UV irradiation for 0, 15, 30, 45, 60,
75 and 90 min. After photo-treatment for a certaime,

the concentration of treated solution was measbsed
Ultraviolet-Visible spectrophotometer (UV-Vis).
MATERIALSAND METHODS The percentage of degradation of MB is calculated

by:

nPhotocatalytic reaction test: The photocatalytic
activity was evaluated by the degradation of methgl
blue (MB) under UV (310-400 nm wave length)
irradiation using four 50 W black light lamps. AGil

In this study presents the effect of*Feoped in
TiO,/3SNG photocatalyst on Tig) crystallite size,
photocatalytic reaction and bacteria disinfection.

Raw material: Titanium (IV) isoproxide (TTIP, )
99.95%, Fluka Sigma-Aldrich), tetrachlorostannanePercentage of degradation = 1064©)/Co )
pentahydrate (SngbH,O) and ferric chloride When:

anhydrous (FeG) were used as starting materials. . _ . .
Ethanol (99.9%; Merck Germany) was used as aCO—the.co-ncentranon of MB aqueous solution at
beginning (1x10 M)

solvent, C = the concentration of MB aqueous solution after
Sample preparation: The TiO/3SnG doped F&' exposure
(0.3, 0.5, 0.8, 1.0, 1.2 mol%) powders were preghare

via a conventional sol-gel method (Fig. 1). ITTIP| ‘ Snc]__._quo‘ |P6c13| |C3H50H‘
Firstly, TTIP was dissolved in ethanol, mixedwit I |
SnCl..5H,0 and FeGl by stirring for 15 min at room

temperature and followed by adding droplets of 4 M Stimed Dmin - —— o
NH; into the solution until pH about 3-4. Finally,
distilled water was slowly added to the solution by Stired 30 min pe— NH: 4 MpH 3

stirring for 30 min. The solution was dried at 1G5r
24 h and calcined at the temperature 400°C forThb.
synthesized powder was ground and submitted to Drying and
determine the particle size by a light scatteriagtiple calcination

analyzer before using as a photocatalyst.
owder

Materials characterization: The phase identification of

samples was conducted with X-ray diffraction analys ¢
using X-ray diffractometer (PHILIP X'Pert MPD). The — ;
crystallite size was determined from XRD peaks @isin ‘ Photocatalytic reaction ‘

the Scherer equation (Bakardjiestaal., 2005):
Fig. 1: Preparation produce of T3SnQ doped F&
D =0.9/Bcod, 1) (0.3, 0.5, 0.8, 1.0, 1.2 mol%) by so-gel method

121



Energy Rec. J. 1 (2): 120-125, 2010

— — — patterns of F& - doped TiQ/3SnQ powders calcined
S CFL T10,38n0,/0.5Fe” at 400°C for 2 h. All samples have shown similaakse

0.85% NaCl (10 ml) (25 mz ml™) with the highest peak at 25.3° which was indicaded

- 100% anatase phase. The crystallite size &f-&eped

| ‘L | TiO,/3SnG with 0.3, 0.5, 0.8, 1.0 and 1.2 mol%°Fe

were 18.46, 16.53, 20.59, 16.52 and 18.44 nm,

Mixture of £ .coli 10° CFU respectively (Table 1). This result shows the®*'Fe
md Ti0; 3500, 0.9F doping in range of 0.3~1.2% mol exhibits nearly the

same crystallite size of anatase phase.

h J

UV, visible frradiztion znd control Photocatalytic properties of Fe3+-doped TiO»/3Sn0,

ot verious Hms (0,30, 60, 90 md 120 min) nanopowders. The photocatalytic activity of =rN
doped TiQ/3SnQ powders were evaluated by

v photocatalytic decolorzation of MB aqueous Bofu

100 pL from mixturs

spraad on A plats Table 1: Crystallite size and phases of J83nQ/Fe" powders

(mutriznt agar) synthesized at various ¥econtents after calcination at
400°C for 2 h
4’ Fe* Crystallite size (nm) Phase content (%)

_ . content

:El?u]lgtlc}’ll_ﬂ (mol%) Anatase Rutile Anatase Rutile

3TCfr2ih 03 18.46 - 100 0
05 16.53 - 100 0
0.8 20.59 - 100 0
1.0 16.52 - 100 0
1.2 18.44 - 100 0

Countmg of the £ 25/i coleny m
CFU mL™* . . ) . .
Table 2: Particle size of TEBSnQ/F€"* synthesized ground powders

Fe* content (mol%) Particle size (um)
) ) ) 0.3 15.75
Fig. 2: Photocatalytic reaction test of 0.5 12.89
TiO»/3SnQ/0.5F€" powder againgE. coli 0.8 12.10
1.0 14.36
1.2 14.23

Photocatalytic reaction of TiO,/3Si0,/0.5F€*
powder against E. coli: Figure 2 shows the procedure

of photocatalytic reaction in antibacterial actviof 00 4 —~

TiO,/3SnQ/0.5F€"  powders againgE. coli. Aliquots

of 10 mLE. coli conidial suspension were mixed with ] )
250 mg of TiQ/3SnG/0.5F€" powders. The mixture 200 7

was then exposed to irradiation of UV and visilidgnt W
at various times (0, 30, 60, 90 and 120 min).rhe =

1 mL of mixture suspension was sampled, addedeto th =
Nutrient Agar (NA) plate and incubated at 37°C for

24 h. After incubation, the number of viable colmbf 200 -

E. coli on each NA plate was observed. The control | i
. . . . (d)

experiment E. coli + catalyst at 37°C without light) _

was also performed.

connls)

Intensity

RESULTS o

n A 20 : =

2Thetz (=)

Characterization: Particle size and surface area of
TiO,/3SnQ/0.5F€* powder after calcination at 400°C Fig. 3: XRD patterns of Pédoped TiGQ/3Sn0O

and ground by using mortar were 12.89 um (Fig.d an powders prepared by sol-gel method and calcined
Table 2) and 117.61 g™, respectively. It was found at 400°Cfor various F& contents, (a) 0.3 mol%
from Fig. 4 that the agglomeration of synthesized Fe'™; (b) 0.5 mol% F&; (c) 0.8 mol% F&; (d)
composite powders was observed. Fig. 3 shows XRD 1.0 mol% F&" and (e) 1.2 mol%Fé
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Fig. 4: SEM image of 0.5 Bedoped TiQ/3SnQ
powder prepared by sol-gel method and calcine
at 400°C for 2 h
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Fig. 5: The degradation effect of MB plotted agains

irradiation time for pure Tig@ TiO,/3SnQ and
TiO,/3SnQ doped with 0.3, 0.5, 0.8, 1.0 and 1.2
mol% Fé* photocatalysts

Figure 5 shows the degradation of MB solution usingFig' £

Fe**-doped 3Sng@ TiO, powders, pure Ti® and
SnQO-doped TiQ powders under UV light for 15 min
until 90 min.

The degradation effect of MB by Eeloped
TiO,/3SnQ in some concentrations of ¥ewvas better
than those of pure Tiand TiG/3SnQ. After 90 min
of testing, the percent degradation was 32.0, 3.4,
59.3, 47.5, 41.5 and 33.5 when using pure ,TiO
TiO,/3SNnG and TiGQ/3SnQ doped with 0.3, 0.5,
0.8,1.0 and 1.2 mol% Ferespectively (Fig. 5). It was
found that TiQ/3SnQ/0.5F€" showed the best activity
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ci:ig. 6: The photocatalyti&. coli disinfection efficiency
of TiO,/3SnG/0.5F€" plotted against treatment
time under UV, visible light irradiation and
control

Growth ofE. coli on Nutrient Agar (NA) plate
with the presence of TKBSnG/0.5F€" under
UV irradiation or visible light and control, (a)
control at starting time; (b) control treatment at
90 min; (c) after visible light irradiation timerfo
30 min; (d) after UV irradiation for 30 min; (e)
after visible light irradiation for 90 min and (f)
after UV irradiation for 90 min

The number of viable colonies & coli when added
TiO./3SnQ/0.5F€* and exposed to UV and visible light
decreased with increasing time as shown in Fighifew

in degradation of MB and hence it was selected fo€ontrol environment B. coli + TiO,/3SnQ/0.5F€"

antibacterial activity test.

Results of TiO,/35n0,/0.5F€* photocatalysis against
E. coli: The viable colonies dE. coli on NA plates with
the presence of TKBSNG/0.5F" powder under UV,
visible light and control conditions are shown ig.F6.
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without light) had not changed (Fig. 7b). It wiasind

that with the presence of Ti3SnQ/0.5F€", E. coli

was completely inactivated within 90 min under UV
irradiation as shown in Fig. 7f and under wiasre
the percent degradation has reached 99.7% when
exposed to visible light for 90 min (Fig. 7e).
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Figure 6 shows the disinfection efficiency curve Engineering and Department of Microbiology Science,
plotted against photo-treatment time. It was fotimet ~ Faculty of Science, Prince of Songkla University.
the disinfection efficiency increased rapidly asfi30  Special thanks regards to Prince of Songkla Unityers
and 60 min for UV and visible light treatment, fund and NANOTEC Center of Excellence at Prince of
respectively and after that they slightly increasedi  Songkla University to provide the budget for this

approached to 100% with increasing time. research.

DISCUSSION
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