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Abstract—Simultaneous doping of TiO, nanoparticles with three elements including Sr, S, and N is reported. The
resulting material shows superior photocatalytic performance toward degradation of textile waste under visible and
sunlight. The pure and doped TiO, nanolayers were prepared by sol-gel method and were fixed on a bed of glass orbs.
The immobilized TiO, were characterized by a variety of techniques: X-ray diffraction (XRD), scanning electron
microscopy (SEM), spectroscopy diffusion reflection (DRS), energy dispersive X-ray spectrometry (EDS) and elemen-
tal analysis (CHNS). The photocatalytic activity of the prepared fixed-bed materials toward degradation of the textile
wastes was determined by using ultraviolet-visible spectroscopy (UV-Vis) and measurement of the chemical oxygen
demand testing (COD). The best photocatalytic activity was observed with the use of Sr/S/N-TiO, nano-layers. After-
wards, the experimental conditions were optimized by tuning reaction parameters, including amount of doped metal
ion on photocatalyst structure, sample solution pH and photoreactor output flow rate. The results confirmed that at
natural pH 5.9 of sample solution, maximum decomposition of 91-99% of azo dyes was obtained in 8 h under visible
irradiation. Finally, the experiments were repeated under 1.5 AM sunlight with high volume of reactants in order to
confirm the cost-effectiveness of the designed photocatalyst.
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INTRODUCTION

Among the most important sources of water pollution, indus-
trial wastes are of great concern. Textile industry production of a
wide range of polluting dye waste is considered one threatening
polluting water industry [1,2]. Many studies have been done on
purification methods of industrial wastewater containing hazard-
ous substances such as azo dyes that are chemically stable and
hardly biodegradable under aerobic conditions [3-5]. Wastewater
treatment using advanced oxidation process is of the safest meth-
ods in this field [6,7]. This process is based on production of very
active species such as hydroxyl radicals that leads to rapid and
non-selective oxidation of whole range of organic pollutants [8,9].
After absorption of photons with proper energy, a photocatalyst is
able to separate charges on its surface [10]. This phenomenon is
based on electron excitation from the valence band to the conduc-
tion band of photocatalyst [11]. In this process, it is vital to pre-
vent from recombination of produced electron-hole pairs in order
to carry out reduction and oxidation processes using the pro-
duced hydroxyl radicals [12-15]. The use of photocatalytic pro-
cesses in wastewater treatment operation has advantages such as
complete mineralization, omitting waste disposal, low cost and
ambient temperature and pressure conditions [16,17]. Titanium
dioxide is one of the most promising photocatalysts because of its
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remarkable features such as non-toxicity; high stability; low cost and
great efficiency in removing organic matters [18]. However, due to
the wide band gap of TiO,, its activation using visible or sun light
needs a reform in its structure, because TiO, absorption takes place
in the UV region. Since only 4% of sunlight contains ultraviolet light
[20], many efforts have been devoted to narrowing TiO, band gap
through metals or nonmetals doping [22]. For instance, N doping
fulfills this aim through replacing its 2p orbitals with oxygen in the
solid network [23].

Herein, we report triple doping of TiO, nanoparticles with metal
and non-metal elements, Si; S, and N. To our knowledge, there is
not any previous report on simultaneous doping of these three ele-
ments. Co-doping Sr and Ag has been already reported and it has
been shown that the recombination of photo-generated electrons
and holes is effectively suppressed and the photocatalytic activity is
increased by co-doping these elements [24]. Considering good per-
formance of Sr as a dopant in TiO,, its combination with two
other important doping elements is investigated. In this work, first
sol-gel method was used for synthesis of pure and doped titanium
dioxide nanoparticles [25,26]. Second, the as-prepared nanoparti-
cles were coated on glass orbs in order to achieve thin-film of pho-
tocatalysts since fixed bed photocatalysts do not require recovering
and centrifuging after the process and therefore it is more appropri-
ate for industrial use [27-29]. At the end, the photocatalytic activ-
ity of the prepared nano-layers was tested for degradation of azo
dyes solution as a model of textile waste, under visible and sunlight
in different conditions such as pH, various volumes of pollutants
solution, difference output speed of photoreactor and optimum
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amount of doped element.
MATERIALS AND METHODS

1. Materials and Reagents

Chemicals in this paper including tetrabutyl ortho titanate (Ti
(OC,H,), 98%), acetylacetone (C;HzO, 99%), hydrochloric acid (Hcl
37%), ethanol (C,H;OH 99%), Strontium Nitrate Hexahydrate
(Sr(NO;),-6H,O 98%), thiourea (CH,N,S, as a source of nitrogen
and sulfur) and other chemicals were analytical grade and pur-
chased from Merck company (Germany) and used without any
further purification. Deionized (DI) water that was prepared by an
ultra-pure water system type smart-2-pure, TKA, Germany, was
used throughout.
2. Synthesis and Immobilization of Pure and Doped TiO, Nano-
layers on Glass Orbs

The preparation method of pure titanium dioxide sol is shown
in Fig. 1. The doped TiO, nanoparticles were also prepared in the
same way, except that 0.0153 g of strontium nitrate hexahydrate
was dissolved in 2 ml of deionized water in step 3 and was added
to the provided sol. Finally, for synthesis of Sr/N/S tri-doped TiO,,
in addition to adding certain amount of strontium nitrate hexahy-
drate according to previous method, after adjusting the pH of the

2.5 ml Tetra buthyl ortho titanate + 2.5 ml
Acetylacetone + 10 ml Ethanol

|

Stirred for 30 min

l

2 ml DI water

|

Stirred for 10 min

|

Then Hcl solution was added to the sol to
adjust the pH at about 1.8

|

Stirred for 120 min

J

TiO; sol was prepared

Fig. 1. Preparation of TiO, solution by sol-gel method.
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solution, 0.25 g of thiuorea salt [30] was added to the sol solution
and then put under final stirring.

After synthesis of the desired nanoparticles, immersion dip-coat-
ing method was used to produce a thin film of photocatalyst on the
glass orbs surface (diameter 0.75 mm) as the photocatalyst substrate.
For this purpose, the glass substrates were washed with a mixture
of water and detergent and then were transferred in a solution of
water and hydrochloric acid for 24 hours for cleaning. After prepa-
ration of the substrates, 13.8 g of glass orbs (the equivalent with
three photoreactor tubes) were transferred into the sol solution and
were out after 15 minutes and were dried with a hairdryer. This
procedure was repeated two times, each time for 30 seconds, and
finally the covered glass orbs were dried at 60 °C, for 4 h. Finally,
the orbs were calcined at 500 °C, 1 hour. Eventually, the glass orbs
were washed with distilled water to remove unattached burned mate-
rials from the surface and then were dried at 120°C in electric
oven for 1 h.

3. Photoreactor
In this study, the photocatalytic activity of pure TiO,, Sr-TiO,

(a)

Fig. 2. (a) Schematic diagram of the experimental set, 1: photoreac-
tor consisting of glass tubes assembled on a mirror, 2, 3, 4:
dyes solution pumped to the photoreactor filled with depos-
ited glass orbs, 5: dyes solution, 6: light sources. (b) photore-
actor consisting of glass tubes assembled on a mirror, (c) the
black box in which the experiment was done, (d) the ready
set-up before experiment, (e) the running experiment inside
the black box.



Purification of textile wastewater by using coated Sr/S/N doped TiO, nanolayers on glass orbs 1443

and Sr/S/N-TiO, nano-layers was investigated by continuous flow
rate photoreactor in laboratory scale. This photoreactor consists of
glass tubes (length 230 mm, internal diameter 7.50 mm), and is
filled with the deposited glass orbs with photocatalytic substrates
are placed in it. Each tube contains 4.60 g of deposited orbs. Then,
all the tubes were connected in series, on the surface of a tilting mir-
ror. An Osram lamp was used as a source of visible light. Peristal-
tic pumps (made in Iran), circulated the tested wastewater solution
in the whole system, continuously. The entire system was placed
inside a black box to avoid any external light in the system during
the experiment. A schematic diagram of the set-up as well as the
photos of reactor and experimental set-up in the black box are
shown in Fig. 2.
4. Evaluation of Photocatalytic Activity

Photocatalytic efficiency of produced substrates was evaluated
by examining the photodegradation of azo dye solution (as an
example of textile waste), using photocatalytic system described in
Section 2.2. For this purpose, a solution (25 mg/l) of a mixture of
three azo dyes (Basic yellow 28, Basic red 46, Basic blue 41), was
produced as a pollutant sample. The azo dye solution with a con-
centration of 25 ppm was used. Higher concentration of dye re-
sulted in error in the absorption curve. The chemical structures of
the azo dyes are shown in Scheme 1. The maximum absorption
(Ana) Was at 453 nm, 538 nm and 606 nm for Basic yellow 28, Basic
red 46 and Basic blue 28, respectively. Changes in the absorption
of the sample solution during the photocatalytic process were eval-
uated using ultraviolet-visible spectroscopy (Lambda 2S, Perkin
Elmer, Germany), at specified times (every 1 hour). Therefore, first,
the maximum absorption of each dye was determined and changes
in absorption after photocatalytic degradation were measured. Pho-
tocatalytic efficiency of azo dye solution was evaluated according
to the following equation:
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Scheme 1. Chemical structures of the azo dyes used in this work.
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D (%)= A ¢y
where D (%) is degradation percentage, A, is initial absorption of
azo dyes solution and A, is the absorption of sample solution at
time t. The crystal size and crystalline form of the prepared thin
films (in the powder form) were evaluated by a Philips X’pert Pro
MPD model X-ray diffractometer using Cu Ka radiation as the X-
ray source in the 26 range of 10-80°. The average crystallite size of
anatase phase was measured according to the Scherrer equation.
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Fig. 3. XRD patterns of Sr/S/N-TiO, thin films.
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The surface morphology of the TiO, films was observed using scan-
ning electron microscopy (SEM) (Philips XL-30ESEM) equipped
with energy dispersive X-ray. The amount of azo dye degradation
was monitored using UV-Vis spectrophotometer (Perkin Elmer
Lambda2S). Diffuse reflectance spectroscopy (DRS) (Shimadzu,
model UV-3101) was used to investigate the energy gap changes.
Also, in order to prove the presence of nitrogen and sulfur in the
photocatalyst structure, elemental analysis (CHNS) (Elementar, Ger-
many) was applied.

COD was determined via open reflux method according to (stan-
dard method for the examination of water and wastewater, sec-
tion 5220-B). The quantity of oxidant consumed was expressed in
terms of its oxygen equivalence. COD was measured using potas-
sium dichromate solution (0.04 M) as an oxidant in strong acidic
medium (sulfuric acid reagent) by reflux for 2 h. Then the remaining
potassium dichromate was titrated with Ferroin indicator solution.

RESULTS AND DISCUSSION

1. X-ray Diffraction

The XRD patterns of Sr/S/N-TiO, (1% molar ratio of Sr/TiO, and
45% molar ratio of S-N/TiO,) are shown in Fig. 3 in the 26 range
of 10-80°. Among the crystalline structure of titanium dioxide (ana-

BT 800 b

WD (lmm

tase, rutile and Brookite), anatase shows the highest photocatalytic
activity [31]. This is due to increase in trapping electron-holes on
the surface of photocatalyst, and also it has a higher recovery poten-
tial for the production of electrons from inception to the end of the
conduction band (anatase band gap is 0.1 eV more negative than
rutile) [32-35]. As one can see, all the specified sharp peaks could be
attributed to anatase TiO, according to the reported values (JCPDS:
card No. 04-04770. The average particle size was calculated from
the Scherrer equation on the anatase diffraction peaks:

D=KA//Cos¥, ()

where D is the crystal size of the catalyst, A is the X-ray wave-
length, 3 the full width at half maximum (FWHM) of the diffrac-
tion peak (radian), K is equal to constant amount (0.89) and &is
the diffraction angle at the peak maximum. Average crystal sizes
were calculated to be 17-18 nm, by using three peaks (101), (004)
and (200) that were observed at 26 of 25.46°, 38.01° and 48.02° for
Sr/S/N-TiO, nanocrystalline powder.
2. Scanning Electron Microscopy

Fig. 4 shows the SEM images of Sr/S/N-TiO, thin films that were
deposited on glass orbs. In Fig. 4(b) the film thickness is about 1.2
pm. Moreover, except for some parts of the film on which nano-
particles are slightly agglomerated, the film surface is uniform. The

L 1 WD G3mm

FHT Thinl k¥

Fig. 4. SEM images of Sr/S/N-TiO, thin films deposited on glass balls in different scales: (a) 100 pm, (b) 1 um, (c) 200 nm and (d) 200 nm.
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Fig. 5. EDS spectrum of Sr/S/N-TiO, thin film.

nanoparticles are spherical with the size of less than 50 nanome-
ters.
3. Energy Dispersive Spectroscopy

EDS of Sr/S/N-TiO, is shown in Fig. 5. The presence of doping
elements including strontium, sulfur, and nitrogen is confirmed by
the corresponding peaks. Moreover, the peaks of Ti and O show
the substrate composition. Other peaks related to Si, Na, Mg and
C are because of the glass substrate and Au peak is related to the
coated gold on the surface. Therefore, this result confirms the suc-
cessful simultaneous doping of three metal and nonmetal elements
in TiO, lattice.
4. Diffuse Reflectance Spectroscopy

To determine the energy gap of the prepared material, diffuse
reflectance spectroscopy (DRS) was used. Electron transfer between
the conduction band and valence band of anatase titanium dioxide
is a kind of indirect transfer since its indirect band gap is smaller
than its direct band gap and transition probability is according to
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Fig. 6. DRS spectrum of St/S/N-TiO, thin film.

Table 1. CHNS analysis results

Wit%
0 0 0, 0,
Thin Al C% H% N% S%
Sr/S/N-TiO, 0.499 0.163 0.523 0.929
the following equation:
(chv)’=g, (hu—E) 3)

E, represents the energy gap in this equation, hv is amount of pho-
ton energy and ¢, is a constant. Gap energy also can be achieved
by extrapolation of liner sector of graph to the photon energy. Fig.
6 shows the (ahv)® terms of ho graph of Sr/S/N-TiO, nanoparti-
cles. The direct band gap energy of sample is about 3.93 eV. Given
that the energy gap of titanium dioxide is 3.2V in bulk mode,
can be acknowledged to reduce the particle size and conversion of
bulk to the nanoscale.
5. CHNS Analysis

Using elemental analysis (CHNS), the presence and weight per-
centage of carbon, hydrogen, sulfur, and nitrogen were confirmed
in doped TiO,. The results are reported in Table 1. It can be ob-
served that the amount of S and N was about 0.523 and 0.929% of
the whole material.
6. Photocatalytic Activity of Photocatalyst under Visible Light

Photocatalytic activity of the all the prepared photocatalysts
(pure TiO,, and Sr/S/N-TiO,) was evaluated by decomposition of
azo dyes (25 mg/L, pH 5.9) aqueous solution under visible and sun
light irradiation. A mixture of the three azo dyes was used as a
model compound since they are the main components of the
wastewater in the intinction processes [74-76]. Since the maxi-
mum absorption of these dyes is located in the visible region, their
degradation can be easily monitored by UV-vis spectroscopy. The
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Fig. 7. Photodegradation of azo dyes solution in absence of pho-
tocatalyst and only by visible light irradiation (initial vol-
ume: 150 ml, pH: 5.9).
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Absorbance (a.u)

250 300 350 400 450 500 550 600 650 700 750
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Fig. 8. Photodegradation of azo dyes solution (a) initial dye solu-
tion before experiment, (b) in presence of photocatalyst
in dark, (c) in presence of photocatalyst under visible light
irradiation (initial volume: 150 ml, pH: 5.9, time: 1 h).

degradation process of azo dyes includes several steps in which the
produced OH free radicals attack the azo structure and break -
N=N- bond down. Consequently;, azo dye molecules decompose
and form smaller molecules, which finally; these molecules are oxi-
dized to nontoxic CO, and H,O [77]. Here, first, dyes were exposed
to visible light for seven days without using photocatalyst and after
seven days, no significant change was observed in the spectrum
(Fig. 7). As a result, it can be acknowledged that the destruction of
azo dyes in the absence of photocatalysis and just by visible light
irradiation is not possible.

To differentiate dye adsorption and dye degradation properties
of the introduced photocatalyst, two different experiments were
devised. In the first one, dye solution was passed through photo-
catalyst without any illumination for one hour. In the second one,
the same experiment was performed under visible illumination.
Fig. 8 shows the obtained absorption spectrum after each experi-
ment. Fig. 8(a), 8(b), and 8(c) show the absorption spectra of initial
dyes solution, the solution after passing through the photocatalyst
in dark, and the solution after passing through the photocatalyst
under illumination, respectively. Since the first experiment was under
dark condition, the observed decrease in the absorption spectrum
could be mainly attributed to dye adsorption on the surface of the
photocatalyst. In the second experiment, degradation under visi-
ble light is the main reason for decreasing dye concentration. Pho-
todegradation mechanism of adsorbed dyes on the surface of
photocatalysts can be explained this way:

TiO,+hv (UV)—>TO, (ecz_+hyz,) “@
TiO, (hyz,)+H,0—TiO,+H +OH" (5)
TO, (hys,)+OH —TO,+OH’ ©)
TiO, (ecp.)+0,—TiO,+0;" 7)
0, +H'—>HO; ®)
Dye+OH"—degradation products ©)]
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Fig. 9. Absorbance spectra of azo dyes solution as a function of
time in the presence of Sr/S/N-TiO, thin films (initial vol-
ume: 150 ml, flow rate; 32 ml/min, pH: 5.9 static phase
amount: 170.48 cm’/g).

Dye+hy;, —oxidation products (10)
Dye+ecz —>reduction products (11)

where, ho is the necessary photon energy to excite the semicon-
ductor electron from the valence band (VB) to conduction band
(CB) [19]. Also, a similar test was performed in presence of pure
titanium dioxide nanolayers; however, due to restrictions of TiO,
in visible region, only 20-60 percentage of the sample was degraded
after eight hours of irradiation. On the other hand, Sr-TiO, and St/
S/N-TiO, resulted in degradation of 70-100 and 91-100%, respec-
tively. This is due to the orbitals combination of doped elements,
with the orbitals of titanium dioxide components, which led to the
creation of new energy levels in the band gap of TiO, [36,37]. Also,
it has been proven that doping TiO, with strontium ions causes
inhibition of recombination of photogenerated charge carriers, lead-
ing to high quantum efficiency [38]. Changes in absorption spec-
tra of azo dyes solution by using Sr/S/N-TiO, photocatalyst are
shown in Fig. 9 as the best photocatalyst in visible region. There-
fore, in this study, Sr/S/N-TiO, nanolayers were selected as the best
photocatalysts with the highest activity and other reaction parame-
ters were tuned to improve the performance of this catalyst.
7. The Effect of Sr Concentration on Photocatalytic Activity
of Photocatalyst

To evaluate the effect of the concentration of doped-strontium
in titanium dioxide structure on its photocatalytic response rate,
TiO, nanolayers containing 0.5, 1.0 and 2.0 molar percent of Sr (in
the presence of a constant amount of thiourea as a source of nitro-
gen and sulfur) were prepared and the photocatalytic activities
were evaluated under visible light. The results shown in Table 2
demonstrate the prior performance of the sample containing 1.0%
of Sr with over 90% degradation efficiency towards the azo dyes;
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Table 2. Results of photodegradation percentage of sample solu-
tion on various amounts of Sr/TiO, molar ratio

Sr/TiO, molar ratio 05 10 20

Degradation of dyes

Basic yellow 28 59.0% 91.0% 73.0%
Basic red 46 81.0% 96.0% 85.0%
Basic blue 41 92.0% 99.0% 95.0%

lower amount of doped Sr. Therefore, this concentration was cho-
sen for other experiments in this work.
8. Optimization of Dye Solution pH

As an important and critical parameter in photocatalytic reac-
tions, pH of the solution was selected for investigation. Therefore,
degradation of the azo dye solution under UV-vis light in pres-
ence of Sr/S/N-TiO, was studied in different pH (2.0, 4.1, 5.9, 7.0,
8.0, 9.5). pH has a significant effect on the adsorption process be-
cause it determines the surface zeta potential of the material [39,
40]. Sodium hydroxide and hydrochloric acid were used to adjust
the pH to alkaline and acidic pH values, respectively. The pre-
sented results in Fig. 10 show that the photodegradation percent-
age is higher in alkaline environment. This can be attributed to the
structure of cationic dyes. The employed azo dyes in this study have
surfaces with positive charge and also anatase TiO, has a positive
zeta potential at pH ranges lower than 6 [41]. Therefore, there is an
electric repulsion force between TiO, surface and azo dyes at acidic
pH. On the other hand, at pH higher than 6, TiO, zeta potential is
shifted to negative values, and thus an electric attraction force is
created for positive dye adsorption on TiO, surface.

Moreover, it can be observed that Basic yellow 28 was less de-
graded at acidic pH=2 than two other dyes. This difference could

= Basic red 46 = Basic blue 41

Basic yellow 28

100 4
90
80 4
70 4
60 4
50 A

a0 |

Degradation (%)

30 { |
20 4 |

10 4 |

Fig. 10. Photodegradation efficiency of azo dyes solution with
Sr/S/N-TIO, thin films in difference pH of sample solu-
tion (initial volume: 150 ml, flow rate; 32 ml/min, static
phase amount: 170.48 cm’/g).

CHy £y CH,
(a) o/ e / /
N-N =N©®
| = N\ ) b_ N N Nc_
= —
N\ 4/ \_/
OMe ‘e
(b) o
N, i = N
i -1 q
~T ~F N
(o™ . T i 4
SeHy ey
(© -

Scheme 2. Resonance forms of (a) basic yellow 28, (b) basic red
46, and (c) Basic blue 28.

be attributed to the possible resonance forms of three different
dyes (Scheme 2). By drawing two different resonance forms of the
dyes, it is observed that Basic yellow 28 has two different reso-
nance form, which both of them are cationic. However, Basic red
46 and Basic blue 28 have two resonance forms, which one is
anionic and the other one is cationic. Therefore, it is more likely
that in acidic pH, the instantly formed anionic structures of two
later dyes are absorbed on TiO, surface with positive potential zeta
due to electrostatic forces and be degraded. Thus, in acidic pH,
Basic red 46 and Basic blue 28 dyes are more degraded than Basic
yellow 28 dye.
9. Effect of Flow Rate

Azo dye solution flow rate over the photocatalytic substrate was
tuned to see the effect of contact time between dye and photocata-
lyst. For this purpose, three similar photoreactor tubes containing
Zn/Tu-TiO, nanolayers coated on glass balls (150 ml of contami-
nation sample) were exposed to three different flow rates of same
dye solutions (20, 32 and 42 mL/min), and the experiment was
performed under visible light irradiation. The absorption spec-
trum was recorded every hour. The results in Table 3 show that
the highest degradation efficiency was obtained at 32 ml/min flow
rate. It shows that at the flow rate of 20 mL/min, although the con-
tact time is sufficiently high, due to low number of molecules pass-
ing over the photocatalyst the efficiency is not convincing. On the
other hand, at the flow rate of 40 mL/min, it seems that the flow
rate is so high that it does not provide enough contact time for
complete degradation reaction. Therefore, 32 mL/min is the best
flow rate which results in the best degradation efficiency.

Table 3. Results of photodegradation percentage of sample solu-
tion on difference output flow rate (ml/min)

, Deby (ml/min) 00 320 420
Degradation of dyes
Basic yellow 28 55.0% 91.0% 66.0%
Basic red 46 81.0% 96.0% 93.0%
Basic blue 41 95.0% 99.0% 99.0%

Korean J. Chem. Eng.(Vol. 35, No. 7)
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Fig. 11. Photodegradation effectiveness of azo dyes in the presence
of Sr/S/N-TiO, thin films under Sunlight irradiation (initial
volume: 150 ml, flow rate; 32 ml/min, pH: 5.9 static phase
amount: 170.48 cm’/g).
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Fig. 12. Photodegradation effectiveness of azo dyes in the pres-
ence of St/S/N-TiO, thin films under Sunlight irradia-
tion (initial volume: 600 ml, flow rate; 32 ml/min, pH: 5.9
static phase amount: 340.92 cm”/g).

10. Stability and Repeatability of Photocatalytic Substrate

Stability after certain reaction cycles is a vital factor for selecting
a photocatalyst especially for industrial application. Herein, the sta-
bility of the photocatalyst was tested for ten eight hour cycles. The
obtained result shows that the efficiency of the photocatalyst is
almost the same after ten cycles and photodegradation efficiency
of 90-100% for each dye was achieved. The advantage of the pre-
pared fix-bed photocatalyst is that it does not require any filtra-
tion or centrifugation after each cycle.

July, 2018
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Fig. 13. Photodegradation effectiveness of azo dyes in the pres-
ence of Sr/S/N-TiO, thin films under Sunlight irradiation
(initial volume: 1,100 ml, flow rate; 32 ml/min, pH: 5.9
static phase amount: 340.92 cm’/g).

11. Photocatalytic Activity under Sunlight Irradiation

Finally, sunlight simulation as a natural and biocompatible source
was used for photodegradation of azo dyes in presence of Sr/Tu-
TiO, photocatalyst. For industrial purposes, a higher volume of the
dye solution was prepared for the test. To perform this test, 150 ml
of pollutants solution was passed through three similar test tubes
containing the photocatalyst balls. Higher volumes of the pollut-
ant solutions (600 and 1,100 ml) were tested in the fixed amount
of photocatalysts (340.92 cm®/g) for 8 hours. The results are shown
in Fig. 11, Fig. 12 and Fig. 13, for 150, 600, and 1,100 mL of the
solutions, respectively. The results show that replacing visible light
with sunlight irradiation results in a slight increase in the degrada-
tion efficiency, which can be attributed to the higher intensity of
visible light in sunlight (93-99% for 150 mL). However, as could
be predicted, increasing the solution volume has an adverse effect
on degradation percentage of dyes (71-92% for volumes of 600 ml
and 62-79% for volumes of 1,100 ml). Some strategic modifica-
tion such as increasing photocatalyst amount or employing bigger
substrate could be useful for efficient degradation of high volumes
12. COD Investigation

COD is the standard method for measuring the amount of
organic matter in wastewater. The purpose of this test is to ensure
the complete degradation of pollutants. After irradiating with visi-
ble and sunlight for eight hours, COD value decreased from 190
to 55 and 51 mg/l, respectively, which shows excellent possibility of
utilizing photocatalyst system in water decontamination.

CONCLUSION

Sr-TiO, and Sr/N/S-TiO, thin films were used to effectively de-
grade azo dyes solution (as a textile wastewater) under visible and
sun light irradiation. The prepared catalyst with high photocata-
lytic activity was immobilized on inexpensive and available sup-
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port substrates by dip-coating method. This techniques are simple,
cheap and do not require complicated tools. The use of TiO, in
stabilized mode (thin film) is extremely important for industrial
application since it does not need extra separation steps during the
photodecomposition reactions. EDX results confirmed the pres-
ence of S, S and N dopants in TiO, structure. This study shows
that pH higher than 5.5 and photoreactor flow rate of 32 ml/min
are the best parameters for high efficient azo dye photodegrada-
tion. Furthermore, immobilized catalyst was stable and repeatable,
therefore can be used for long times.
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