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1. Introduction

The faster developments in the field of nanotechnology have stimulated considerable research efforts on the
synthesis and manufacturing of novel devices for various high-technological potential applications [1,2].
Nanocrystalline titanium dioxide (TiO2) has many important applications such as: solar cells [3], photocatalytic
splitting of water to hydrogen and oxygen [4], sensors [5], self-cleaning surfaces and degradation of environmental
pollutants [6]. Due to the stability of modern dyes, conventional biological treatment methods for industrial
wastewater are ineffective, resulting often in an intensively colored discharge from the treatment facilities.
Recently, a number of researchers have dealt with heterogeneous Photocatalyst and Fenton based hybrid
nanocatalyst for decomposition of many kinds of dyes [7-9] by UV, visible light and solar irradiation [10]. Shoueir
et al [11] reported plasmonic Au@TiO, photocatalyst bio-based chitosan fiber for the visible light induced
photocatalysis of organic and inorganic pollutants. Photocatalytic performance of the TiO; can also improve by
pulsed laser ablation in liquid [12,13].Again adsorption capability of TiO, can be improved by decorating on
eggshell nanocrystal [14]. In addition, titania has a relatively high band gap value of 3.2 eV. However for many
applications it would be desirable to extend the band gap excitations towards the visible region, and also to prolong
the lifetime of photogenerated charge carriers. Doping of titanium dioxide with transition metal like Pt, Au, Pd,
Rhand Ag provides a relatively well-studied and convenient way of solving both problems described above. TiO-
doped with transition metal ions can demonstrate extended band gaps and significantly higher photocatalytic
efficiencies [15-19]. However among these transition metals only Ag is inexpensive so that its commercial
applications are extended. The dopant concentration is an important parameter to be considered, as the amount of
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dopant influences the processes of charge carrier trapping, separation, and recombination [20, 21]. Therefore, the
amount of transition metal introduced should be within a so-called optimum concentration, as too low a dopant
content does not affect the process of charge carrier generation and too high a content of doping metal results in
the formation of extra recombination sites and shortens the lifetime of photo generated electrons and holes [22,
23]. Consequently, defining the optimum concentration of doping metal is a key factor for successful doping. This
optimum value may vary significantly and depends on several factors, such as the type of dopant chosen, the
coating deposition technigue, annealing conditions, etc. [24].

Present study involves the synthesis of TiO, and Ag doped TiO; nano catalyst and characterization by
SEM, EDS and XRD. Again optimum concentration of the Ag was reported. The effects of various parameters
such as pH of dye solution, contact time, dose of the catalyst in photocatalytic degradation were studied. It also
report the kinetics of degradation of Eosin-Y using TiO2 and Ag doped TiO; nano catalyst.

2. Material and Methods

2.1. Material

Titanium tetra iso-propoxide (TTIP) was purchased from Sigma-Aldrich Pvt. Ltd., India, and aqueous ammonia
(25%) Merck Specialties Pvt. Ltd. Silver nitrate and ethanol (99%) were obtained from Merck Ltd. The Eosin-Y
dye was obtained from Loba Chemie Ltd. All chemicals used for synthesis of nano TiO2and Ag doped TiO, were
of A.R. grade. Concentrations of the Eosin-Y were estimated using absorbance recorded on UV-VIS double beam
spectrophotometer (Systronics model-2203) at the Amax 500 nm. The pH was maintained using 0.1M NaOH and
0.1M HCI with pH meter (Equiptronics Model EQ-615).

2.2. Method

From stock solution of Eosin-Y, different concentrations were prepared in distilled water and the pH maintain at
8. The 50 ml Eosin-Y solution mixed with TiO, and Ag doped TiO2 nano catalyst taken in the photocatalytic
reactor. The solution was stirred and bubbled with molecular oxygen for 2 hours in the dark to allow equilibration
of the system so that the loss of the compound due to adsorption can be taken into account. The dye sensitized
TiO2and Ag doped TiO, was subjected to visible light irradiation using 500W Xenon lamp emitting 300-900nm
visible light for the degradation of Eosin-Y. The catalyst was separated from the solution by centrifugation and
the solution was analysed for determination of concentration of dye at Amax500 Nnm. The reaction Kinetics was
studied by varying different parameters like initial concentration of dye, catalyst dose and effect of pH on the
Eosin-Y solution.

2.3. Synthesis of TiO, and Ag doped TiO;

The TiO, was synthesized by sol—gel technique using TTIP as precursor. TTIP—ethanol mixture (20 ml ethanol
+5 ml TTIP) stirred for 10 minutes. Then 20 ml of deionised water was added drop wise for 20 minutes, after this
5ml aqueous ammonia was added and stirred for one hour and allowed for ageing for 12 hour after washing and
drying the powder annealed at 450°C for one hour to get bare TiO, samples. The Ag—TiO, samples with 1% to
4% silver content were prepared by dissolving the required amount of silver nitrate in deionised water and added
to homogeneous TTIP—ethanol solution drop wise followed by addition of aqueous ammonia in the solution under
stirring for one hour. Then washed dried and calcinated at 450° C for one hour [25].

3. Results and discussion

3.1.SEM analysis

The SEM image of TiOzand Ag doped TiOz nano catalyst are shown in Figure 1 (a, b, c and d). The SEM image
of TiO,and Ag doped TiOz nano catalyst shows spherical crystal structure having irregular size and shape. From
Figure 1 it was observed that as the doping concentration of Ag increases the particle size of the photocatalyst
also increases.

3.2.EDS analysis

The elemental analysis of material surface layer is obtained by electron dispersive X-ray spectroscopy (EDS).
Figure 2 (a, b, ¢ and d) shows that TiO, Ag doped TiO- nano catalyst contains only TiO, Ti K 80.70 %, O K 19.30
%. The 1 % Ag doped TiO;contains Ti K 67.90 %, O K 32.08 % and Ag 0.02 %, The 2 % Ag doped TiO- contains
Ti K 79.61 %, O K 20.61 % and Ag 0.07 %. and the 4 % Ag doped TiO contains Ti K 81.50 %, O K 18.29 %
and Ag 0.21%. The EDS of TiOzand Ag doped TiO; indicates that as amount of dopant increases the percent Ag
from EDS also increases. Thus micrograph proves existence of TiO,and Ag doped TiO- in the nanocatalyst.
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Figure 1: SEM images of a) TiO,, b) 1% Ag doped TiO,c) 2% Ag doped TiO, d) 4% Ag doped TiO2 nano catalysts.
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Figure 2 : The EDX spectrum of TiOzand Ag doped TiO, Nano catalyst.
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3.3. X-ray diffraction analysis

The XRD patterns obtained for the TiO. and Ag doped TiO: are presented in Figure 3. It can be seen that both
undoped and Ag doped TiO- were crystalline after annealing at 673.15 K in tetragonal structure. The major peaks
in TiOzand Ag doped TiO; found that 25.29°, 48.09°, 54.0°, 55.20°, 62.70°, 68.90°, 70.40°, and 75.00° (JCPDS:

89- 4921).

3.4. Photocatalytic Study
3.4.1. Effect of pH

The pH of dye solution largely influences the degradation rate [26]. Thus the influence of pH on photocatalytic
degradation of Eosin-Y was performed and results obtained are shown in Figure 4. The natural pH of Eosin-Y is
8.4. The percentage degradation of Eosin-Y is lower in basic media that is increase in pH, the percentage
degradation decreases and higher degradation is observed to acidic media. The pH 4 is suitable for degradation of
Eosin-Y in presence of TiO, nano catalyst for photocatalytic degradation. This is because of pHzpc for TiO- is
5.1. Photocatalyst surface becomes positively charged below pHzpc (5.1) and above this pH, the surface is
negatively charged due to adsorbed OH-ions. Hence pH lower than 5.1 favours adsorption and consequently
photocatalytic degradation by electrostatic attraction among the positively charged photocatalyst and anions of
the Eosin-Y [27,28].
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Figure 4: Effect of pH on photocatalytic degradation of Eosin-Y (Conc. 10 mg/L, catalyst dose 1.0 g/L and reaction time
120 min).
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3.4.2. Effect of catalyst on Dye Degradation

The effect of catalyst on initial dye concentration of Eosin-Y was investigated by changing the doping amount
Agin TiO; as 1%, 2% and 4% using 2 g/L of TiO;and Ag doped TiO; nano catalyst at pH 4. The results showed
that dye concentration decreases from 20 mg/L to 2.01 mg/L with increasing in doping concentrations from TiO,
1 % Ag doped TiO, 20 mg/L to 1.22 mg/L, 2% Ag doped TiO> 20 mg/L to 1.02 mg/L, 4% Ag doped TiO, 20
mg/L to 0.88 mg/L, (Figure 5). This was due to the reason that as doping concentration increased the concentration
of unabsorbed dye in the solution decreases which lead to more penetration of light through the solution on to the
surface of TiO,and Ag doped TiO; thereby increase the concentration of -OH radicals on the surface and hence
increases the percentage degradation [29].
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Figure 5: Effect of catalyst type on initial dye concentration (Eosin-Y 10 mg/L, pH 4, Catalyst dose 1.0 g/L, reaction time
180 min.)

3.4.3. Effect of catalyst Dose
To avoid the excessive use of catalyst, the optimum dose was determined using concentrations of TiO, under UV
light. It was found that rate of degradation initially increases with the increase in catalyst dose, but beyond a
certain level it remained almost constant. From Figure 6 it is observed that after 1g/L of catalyst dose percent
degradation remains almost constant so in present case 1g/L was found to be the optimum catalyst concentration
[30].
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Figure 6: Effect of catalyst dose on percentage degradation of Eosin Y (pH 4, Eosin Y conc. 40 mg/L and reaction time
120 min.)
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The increase in catalysts concentration has a positive influence on the number of photons absorbed and number
of dye molecules adsorbed. This in turns enhances the rate of dye degradation. Above a certain catalysts
concentration the numbers of substrate molecules are not sufficient to fill the surface active sites of TiO,. Hence,
further addition of catalyst does not lead to the enhancement of degradation rate. This is may be due to the
reduction in the penetration of light with surplus amount of TiO». The surplus addition of the catalyst makes the
solution more turbid and light penetration is hindered from the sample [31, 32].

3.4.4. Effect of doping percentage

Figure 7 shows that the effect of different doping ratios on the photocatalytic degradation of Eosin-Y. The values
of catalyst dosage 1 g/L, pH 4 and the concentration of Eosin-Y were 20 mg/L, respectively. As shown in Figure
7, during the contact time, the Eosin-Y degradation efficiency (%) was increased slightly with the increase of
doping ratio from 1 to 4 %. Photocatalytic activity of doping concentration increases with decreasing the band
gap energy [33]. In addition, rapid transfer of the electrons from the TiO; to the Ag may improve the photocatalytic
activity and increase the efficiency of photodegradation [34].

100
90
80
70
60
50
40
30
20
10

0

—0—Ti02

—0— 1 % Ag- doped
TiO2
2 % Ag-doped TiO2

% Degradation

0 20 40 60 8 100 120 140 160 180 200
Time (min)

Figure 7: Effect of doping proportion on percentage degradation of Eosin Y (undoped TiO2, 1% Ag doped TiO-, 2% Ag
doped TiO, and4% Ag doped TiO, 1.0 g/L, pH 4 Eosin-Y conc. 40 mg/L and reaction time 200 min.)

3.4.5. Effect of initial dye concentration

The effect of initial dye concentration on photocatalytic degradation of Eosin-Y was studied by varying the dye
concentration from 10 to 40 mg/L (Figure 8) at fixed catalyst concentration. It can be observed that, as the dye
concentration increases percent degradation decreases.
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Figure 7: Effect of doping proportion on percentage degradation of Eosin Y (undoped TiO2, 1% Ag doped TiO2, 2% Ag
doped TiO, and4% Ag doped TiO, 1.0 g/L, pH 4 Eosin-Y conc. 40 mg/L and reaction time 200 min.)

Shelar et al., J. Mater. Environ. Sci., 2019, 10 (5), pp. 431-441 436



As the concentration of dye increases the color of solution becomes more intense due to more dye molecules
which alters the light to reach the catalyst surface to produce active species responsible for degradation and
thereby decreases the degradation efficiency of catalyst and secondly, less number of active site of catalyst is
available due increase in adsorption which also lowers the catalyst efficiency.

3.4.6. Kinetics of degradation
The photocatalytic degradation of Eosin-Y by TiO; nano catalyst obeys pseudo-first-order kinetics:

-dC/dt = KapC (1)

Integration of the above equation (with the restriction of C=C,gsat t=0, with Cags being the initial concentration in
the bulk solution after dark adsorption and t the reaction time) leads to the following expected relation [35]:

-IN(Co/C) = Kappt 2

Where C and C, are the reactant concentration at time t = t and t = 0, respectively, and kapp and t are the apparent
reaction rate constant and time, respectively. According to the equation, a plot of -In(C./C) versus t will yield a
slope of kagp. The results are displayed in Figure 9. The linearity of the plot suggests that the photocatalytic
degradation reaction approximately follows pseudo-first-order kinetics with ki, of 0.044 min™t, 0.986 min?,
0.980 min~t and 0.987 min* for TiO,, 1%Ag doped TiO, photocatalyst, 2% Ag Doped TiO, photocatalyst, 4% Ag
Doped TiO; photocatalyst, respectively.
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Figure 9: First order kinetics plot of Eosin-Y degradation under TiO,, 1% Ag doped TiO- photocatalyst, 2% Ag doped TiO;
photocatalyst, 4% Ag doped TiO; photocatalyst (Eosin-Y conc. 20 mg/L, TiO21 g/L, pH 4, and reaction time 100 min.)

3.4.7. Recycle performance of Ag doped TiO; nanocatalyst

The stability, efficiency and reusability plays important role in the effectiveness of the process towards the
removal of the dye from aqueous solution [36]. To find out the stability and efficiency of Ag doped TiO.
nanocatalyst as well as cost effectiveness of the process, the reusability of Ag doped TiO, nanocatalyst was
investigated for the degradation of Eosin-Y under UV radiation. To study its reusability, the powdered
nanocatalyst was centrifuged after completion of each photocatalytic experiment. The recovered sample was
reused for 3 times under same experimental conditions. The results obtained are shown in Figure 10. It shows that
% degradation of Eosin-Y by Ag doped TiO- nanocatalyst after 1% run achieved up to 88.75% (100 min). At the
end of 4" cycle it decreases down to 87.08%. The catalytic activity was found to decrease slightly after 4" cycle.
This decrease may be due to, i) loss of reused catalyst during sampling every time, and ii) irreversible changes
that are brought about by pollutants on the photocatalyst surface. From Figure 10 it was clear that Ag doped TiO;
have excellent stability and it does not undergo corrosion during photocatalytic degradation.
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Figure 9: Reusability study of Ag doped TiO; nano catalyst.

3.4.8. Scavenging Study

AOP involving heterogeneous photocatalysis explains the mechanism of Eosin-Y degradation. This process
involves generation of e- hole pair. This photogenerated e~ -hole pair again generates highly reactive O, * and
*OH radicals in subsequent steps which are responsible for oxidative mineralization of the dye [37, 38]. Also there
is generation of hydrogen atoms from water, causing reduction of the dye [39, 40]. It is necessary to detect main
active species in the photo catalysis for elucidation of photocatalytic degradation mechanism of Eosin-Y by TiO..
It can be possible by scavenging study performed under identical conditions upon addition of scavenger into the
dye solution during photocatalysis. The oxidative species like *OH, h* and O, are trapped by using isopropanol
(i-PrOH), methanol (MeOH), ethylene diamine tetraacetic acid (EDTA) and Potassium iodide (KI). These are
used as "OH scavenger, O, scavenger, h* scavenger, and "OH & h* scavenger respectively. Smaller alcohols like
i-PrOH also undergoes direct oxidation due to the photo- generated holes. But the extent is negligible, thus
neglected. The results in terms of Eosin-Y degradation by TiO, with and without scavengers are summarized in
Figure 11. Upon addition of MeOH, EDTA, i-PrOH and KI; the photocatalytic degradation of Eosin-Y decreases
down to 72.33, 61.32, 33.65, and 29.46% respectively as compared to photocatalytic degradation carried out in
agueous medium (90.25%). From Figure 10 it was clear that, MeOH has very little influence on Eosin-Y
degradation. However, the photocatalytic performance of TiO, greatly depressed due to addition of *OH and h*
scavenger i.e. Kl, suggesting that the photo-generated holes and *OH are the predominant species of TiO,whereas,
the O, radical plays supportive role in the degradation of Eosin-Y.
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Figure 11: Photocatalytic degradation of Eosin Y TiO, with and without scavenger.
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3.4.9. Degradation Mechanism

The non-selective nature of the reaction between the radicals and organic pollutants leads to the formation of
number of products in the AOPs. LCMS was used to identify the intermediates produced during the degradation
process. The structures of degraded products are assigned on the basis of analysis of molecular ion peaks and their
corresponding fragmentation patterns. The probable degradation pathway of Eosin-Y is shown in Figurell. The
Figure 12 indicates that Eosin-Y undergoes debromination, decarboxylation followed by ring opening, and
addition of *OH radicals generated from AOP. Then Eosin-Y subsequently degraded into CO- and HO.
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Figure 12: The possible reaction intermediates formed during photocatalytic degradation of Eosin-Y using TiO2 and Ag
doped TiOznano catalyst.
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Conclusion

The photocatalytic degradation of Eosin-Y in the presence of nano TiO; and nano Ag-doped TiO, were show
promising results towards removal of Eosin-Y. The photocatalytic degradation followed first order kinetics with
respect to Eosin-Y. The percentage degradation of dye increased with an increase in catalyst loading and decrease
with increase in pH, initial concentration of dye. The pH 4 found to be suitable for photocatalytic degradation of
Eosin-Y. A comparative study shows that 4 % Ag doped TiO; photocatalyst is effective than bareTiO,, 1 % Ag
doped TiO,, 2% Ag doped TiO, for photocatalytic degradation of Eosin-Y. The HR-LCMS analysis clearly
indicates the non-generation of secondary waste after degradation of Eosin-Y by Ag doped TiO nano catalyst.
This reveals the potential use of the photocatalyst on industrial scale.
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