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Abstract

The textile industry consumes large quantity of water and produces large volume of wastewater which is rich in
color, containing residues of dyes and chemicals, and requires proper treatment before being released into the
environment. These dyes are resistant to biological as well as physical treatment technologies and advanced
oxidation processes (AOPs), involving photo-catalyzed degradation is considered as an efficient cure for dye
pollution. Photocatalytic degradation technique with semiconductors such as TiO, and ZnO is generally applied
for treating wastewater containing contaminants due to its ability to achieve complete mineralization of the
organic contaminants under mild conditions such as ambient temperature and ambient pressure. In the present
study a laboratory experiment is to be performed to investigate photocatalytic degradation by using TiO, and
ZnO photocatalyst for treating textile effluent. Operational parameters such as type of catalyst, catalyst
concentration, irradiation time were investigated in order to study their effect on photodegradation process and
the COD reduction.

Keywords: Textile effluent, dye-degradation, Photocatalysis, TiO,. ZnO-photocatalyst, type of catalyst,
catalyst concentration, irradiation time, COD reduction.

1. Introduction to Photocatalytic Degradation

The word photocatalysis is of Greek Origin and composed of two parts: The prefix “Photo” (phos: Light) and
the word “Catalysis” (Katalyo: brake apart, decompose). The term can be generally used to describe a process in
which light is used to activate a substance, the photocatalyst which modifies the rate of chemical reaction
without being involved itself in chemical transformation. So basically a photocatalyst is a substance that
generates catalyst activity using energy from light. Thus the main difference between a conventional thermal
catalyst is that it is activated by heat and a photocatalyst is that it is activated by photons of appropriate energy.
Photocatalytic reactions occur homogeneously and heterogeneously.

1.1 For homogeneous photocatal ysis B9 1 homogeneous photocatalysis, the reactants and the photocatalysts
exist in the same phase. Acid base catalysis, enzyme catalysis etc. are examples of homogeneous catalysis. The
most commonly used homogeneous photocatalysts include ozone and photo-Fenton systems (Fe+ and
Fe+/H,0,). The reactive species is the *OH which is used for different purposes. Some of the examples of
homogenous photocatalysis: Ultraviolet lamp (UV), Os/H,0,/UV, Photo-fenton process.

1.2 For heterogeneous photocatalysis ®°): Heterogeneous catalysis has the catalyst in a different phase from
the reactants.Catalysis by metals and semiconductors are examples. Here reactions occur at the interface
between the phases.

1.3 Beginning: %6371

The enormous efforts to the research on TiO, material begins with the discovery of photocatalytic splitting of
water on a TiO, electrode under ultraviolet (UV) light by Fujishima and Honda in 1972
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1.4 Photocatalyst °.

A photocatalyst (or catalyst) is a solid material, need to satisfy the following events: (i) the molecule is adsorbed
on the particle surface; (ii) the molecule undergoes chemical transformation while visiting several reaction
surface sites by surface diffusion and (iii) the intermediate or product molecule is subsequently desorbed to the
gas phase or to the condensed phase.

The catalyst may accelerate the photoreaction by interacting with the substrate(s) either in its ground state or in
its excited state or with the primary product (of the catalyst), depending on the mechanism of the photoreaction.

Ultrawoleliay \ CO:z +

Photocatalyst
Organic TiO2
Compound *
+ H:0 + O:

Figure 1: Schematic diagram of photocatalysis treatment.

Generally, two or more phases are involved in a photocatalytic reaction—a light source and a semiconductor
material are used to initiate the photoreaction while the catalyst system can simultaneously carry out oxidation
and reduction reactions using long wavelength, UV light as well as sunlight.

1.5 Why Semiconducting Material Is Used? [+ 5:10:14.23.35.36]

A photocatalytic reaction proceeds through the excitation of electron from the valance band to conduction band
by absorption of light. In metals the valance band and conduction bands are merged together, as a result there is
no bandgap. So either reduction or oxidation happened depends upon band position. But insulators need a high
energy for excitation process because the bandgap is very large. 361

Semiconductors are materials with conductivity between that of metals and insulators. Their band gap (E bg),
which is the energy gap between the valance band (highest occupied band) and conduction band (lowest
unoccupied band), is between that of metals and insulators. ¢!
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Figure 2: Valence band and Conduction band positions in metals, semiconductors, and insulators.
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Unlike the metals which have a continuum of electronic states, semiconductors possess a void energy region
where no energy levels are available to promote recombination of an electron and hole produced by
photoactivation in the solid. The void region, which extends from the top of the filled valence band to the
bottom of the vacant conduction band, is called the band gap. When a photon with energy equal to or greater
than the materials band gap is absorbed by the semiconductor, an electron is excited from the valence band to
the conduction band generating a positive hole in the valence band. The ultimate goal of the process is to have a
reaction between the excited electrons with an oxidant to produce a reduced product, and also a reaction
between the generated holes with a reductant to produce an oxidized product. Due to the generation of positive
holes and electrons, oxidation-reduction reactions take place at the surface of semiconductors. In the oxidative
reaction, the positive holes react with the moisture present on the surface and produce a hydroxyl radical.

An ideal semiconductor photocatalyst should be chemically and biologically inert, photo catalytically active,
non-photo corrode, easy to produce and use, activated by sunlight, environmentally and economically
acceptable etc. Among the various semiconductors, none of thembecome an ideal photocatalyst by satisfying all
conditions. Thus only a few of them are effectively termed as very good semiconductor photo catalysts.

Titania (Titanim dioxide) becomes one such of candidate. Because it displays the features of an ideal
semiconductor photocatalyst with the exception that it does not absorb visible light. The bandgap of titania is 3.2
eV, which corresponds to the UV range of electromagnetic spectrum. Thus the activity of titania is limited to
UV region, which is around 5-10% of solar spectrum (because UV in natural sunlight is only 5-10 %). Despite
this limitation, the other positive features to titania make it a prominent semiconductor material and widely
studied in the field of semiconductor photochemistry. After TiO,, ZnO too has been widely used as a very
powerful photocatalyst in various applications. (361

Various composites formed b?/ TiO, and other inorganic oxides such as ZnO, SnO;, SiO,, In,03, Cu,0, MgO,
WOj3, MoOs, and being used. ©!

1.6 Photocatalytic Oxidation Process (Mechanism)t 016381

The principal reaction mechanism of a semiconductor photocatalyst is described as follows: When a
photocatalytic surface is exposed by a radiation of energy equal to or greater than the bandgap energy (bandgap
of the semi-conductor photocatalyst material), it creates a positively charged hole in the valance band and
negatively charged electron in the conduction band by exciting the electrons in the valance band to the
conduction band. ™ The generated electron-hole pairs must be trapped in order to avoid recombination.

The positive-hole of titanium dioxide breaks apart the water molecule to form hydrogen gas and hydroxyl
radical. The negative-electron reacts with oxygen molecule to form super oxide anion. This cycle continues
when light is available, #®
Absorption of efficient photons by titania (h v > Ebg = 3.2 eV) [

TiO+ hv — e—g+ h*t s

Photocatalysts (Ti0yZ00) + Iv— ¢ + b (1)
b +HO—~H +0H 2
b+ OH— O (3)
¢ +0,~0y 4
2 +0,+ H~H0, (%)
¢ + H:0,~ OH + OH (8)
Organic++OH | 0y=+COy+H,0+other degradation productions (7)

Formation of superoxide radical anion:
Or+e—g— O ™

Neutralization of OH- group into OH by the hole:
(H)O = H.+OH)) 4.+ hyye — .OH + H,
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It is seen that the hydroxyl radical (.OH) and superoxide radical anions (O, ") are the primary oxidizing species
in the photocatalytic oxidation processes. These oxidative reactions would results in the degradation of the

pollutants.
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Figure 3: Schematic of the photocatalytic mechanism for TiO,/ZnO photocatalysts (4

1.7 Factors affecting the degradation —performance:

1) Effect of Catalyst loading

2) Effect of pH on Photocatalytic Degradation

3) Effect of Reaction temperature

4) Effect of Dye Concentration and nature of pollutants
5) Effect of Inorganic ions

6) Effect of Light Source on Photocatalytic Degradation
7) Effect on type of Catalysts used

8) Effect of Size and structure of the photocatalyst

9) Effect of H,O, concentration

10) Activity enhancement by Doping

2. Experimental Setup

MATEIALS AND METHODS:

The materials and methods used during this research, including the chemicals, glassware instrument like the UV
photo reactor, COD digester and the procedures used to treat the dye and effluent solutions with the UV/TIO,;
ZnO catalysis and using H,0,. TiO, and ZnO dosages and the varying UV contact times for different samples of
textile effluents from the industry make up the experimental matrix

2.1 Materials:

1. Textile Wastewater

Textile wastewater was collected from the industry Bharat Vijay Mills (BVM) situated at Kalol. Textile
wastewater is analy zed and treatment was done by photo catalytic treatment. Total 5 samples of different ranges
of COD are collected from the industry and their degradation is carried out.

2. Reagents and Chemicals Used

The photocatalyst TiO, (Anatase grade) was procured from Ajanta Chemicals, Kalupur and Zinc Oxide (ZnO)
was procured from Astron Chemicals, Ahmedabad. Hydrogen peroxide was used as an oxidant. For the
determination of COD of industrial effluent and treated sample was determined by using

Standard Potassium Dichromate, 0.25 N

Sulphuric Acid

Standard ferrous ammonium sulphate 0.25N
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Ferroin indicator
Mercuric Sulphate

HCI and NaOH were used for adjustment of pH of dye solution and textile wastewater.
3. Instrument Used

Magnetic Stirrer:
Magnetic stirrer was used during experimentation to solve the problem of mixing and titanium dioxide and zinc
oxide that remains in suspension.

Photo Reactor:

Photo catalytic treatment of dye and effluent were performed in batch experiments. For photocatalytic UV
reactor was used which was rectangular having dimensions of 250 mm length, 300 mm width and 380 mm
height and made up of Mild Steel- Gauge 24. Three UV tubes (11 Watt each) were attached with the roof. A
magnetic stirrer was fitted in the reactor to carry out the photo catalytic reaction in slurry mode. Different views
of photocatalytic recator are shown below.

Figure 4: Photocatalytic reactor

Temperature sensor:
A digital thermometer is used to measure the reaction temperature. And it is maintained between 50-60°C

Filtration:
After photo catalytic treatment by photo reactor dye and effluent sample were filtered through filter paper.

COD Digester:
COD digester was used for the digestion of samples in the process of COD determination.
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Reaction vessel:
Volumetric flask were used for the photo catalytic reactions having a capacity of 500ml.

2.2 METHOD:

Preparation of solution

a) Effluent dye samples:

A total of 200ml of effluent is taken in the volumetric flask of 500ml.

b) Catalyst loading/ Catalyst concentration:

TiO, and ZnO are taken as catalyst.

Catalyst concentration is varied at 1g/1, 2g/1, 3g/l, 4 g/l for both TiO, and ZnO

c¢) Hydrogen Peroxide:

Hydrogen peroxide (30% wi/v) was obtained from Astron Chemicals, Ahmedabad. It implies that 100 ml of
solution contains 30 g or 1 ml contains 300 mg. Amount of H,0, is kept as fixed. 4ml of H,0; is taken in 100ml
of effluent sample.

e) PHOTOCATALYTIC TREATMENT:

Photocatalytic treatment was for done different samples of textile effluent. The effluent of textile industry were
treated and the various parameters like

Types of catalyst
Weight of Catalyst
Irradiation time were varied and optimized.

Degradation of textile effluent:

100 ml of sample taken in reaction vessel (500ml capacity).Wastewater collected from the homogenous tank of
effluent treatment p lant (ETP) of BVM textile industry.Initial pH of sample was checked and the value of pH is
fixed at 7 H,0O; is taken fixed as 4 ml per 100 ml of effluent sample.

Types of catalyst:
2 types of catalyst that will be varied: TiO, and ZnO.

Weight of catalyst:
TiO, and ZnO will be taken as 1g/L, 2g/L, 3g/L, 4g/L.

Irradiation Time:

Time taken to irradiate the sample is fixed to 4 and 6 hours. Sample was withdrawn after every 4, 6 hrs and the
COD of samples was measured as per the standard methods.

f) Estimation of COD

3. Results:

Initially some trial experiments had been carried out with catalyst concentration 0.125 to 1 and irradiation time
of 2 and 4 hrs to determine the optimal range of concentration of catalysts and irradiation time.

Trial experiments and their readings:

Sample 1:
Initial COD: 780 mg/L

2166 www.ijariie.com 578



Vol-2 Issue-3 2016

IJARIIE-1SSN(0)-2395-4396

Catalyst Concentration of | Imadiation | Final COD %% Feduction of
catalyst titnef howurs) | (mgT) COoD
5Ly

1 2 527.28 324
4 46582 4028
05 1 62221 2023
Tio 2 G06.33 2224
025 1 64818 16.9
2 63133 19.06
0125 1 688.43 11.74
2 60327 11.12
1 2 312.46 34.3
4 480.48 384
0.5 2 386.01 2487
4 55224 202
Znd
025 2 614.64 212
4 34514 30.11
0125 2 653.02 16.28
4 631.02 19.1

Table 1: Percentage Reduction of COD using TiO, and ZnO for Sample 1

As the % reduction in COD is less than 50%, so to decrease the maximum level of COD, hydrogen peroxide is
used to enhance the degradation rate and also the irradiation time and the catalyst concentration are increased.
So in all the rest of effluent samples H,O, is used.

After many trial experiments to get optimumand minimum COD, Hydrogen Peroxide is used to enhance the
photocatalytic degradation of dye.
A fixed quantity of 4 ml H,0, (30% w/v) per 100 ml of effluent is used.

Sample 2:
Initial COD: 1066 mg/I

Catalyst | Concentration Irrad iation Final % Reduction of COD
of catalyst time(hours) COD
@/L) (mg/1)
1 4 4355 59.14
6 395.21 62.92
2 4 330.59 68.98
TiO, 6 305.76 7131
3 4 235.11 77.94
6 185.28 82.61
4 4 150.82 85.85
6 110.00 89.68
1 4 345.00 67.79
6 305.66 71.32
2 4 225.72 78.82
Zn0O 6 195.72 81.63
3 4 120.29 88.71
6 80.00 92.49
4 4 115.0 89.21
6 79.20 92.57

Table 2: Percentage Reduction of COD using TiO, and ZnO for Sample 2
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% Reduction of COD (Initial COD: 1066)

3958
50 7as W5 02

6898 7131
07 5914 8282

CoD(%)

a0 B4 hrs

B hrs

1 2 3 4
Concentration of TiO2in g/L
% Reduction of COD (Initial COD: 1066)
101 57 943 gy 9
1 7882 8143
0 paqg 7132
—_ 70 4
® Ol
o 50
8 40 méhrs
7 mGhrs
20
10 4
u -
1 H 3 4
Concentration of ZnOing/L
Sample 3:
Initial COD: 581 ma/L
Catalyst Concentration of | Irradiation Final COD % Reduction of
catalyst time(hours) | (mg/l) COD
@V
1 4 207.30 64.32
6 172.00 70.39
Tio, 2 4 145.0 75.04
6 92.19 84.13
3 4 143.7 75.26
6 88.9 84.69
1 4 172.4 70.31
6 126.94 78.15
2 4 94.52 83.73
6 62.7 89.2
Zn0O
3 4 64.2 88.95
69.13 88.1
4 4 101.0 82.6

Table : Percentage Reduction of COD using TiO, and ZnO for Sample 3
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% Reduction of COD (Initial COD: 581)

30 84.13 54.69
80 so3s 7504 75.26
70 1 g4.32
— 50
£ o0
]
o 07 m4hrs
LS T
mEhrs
20
10
0 A T T T 1
1 2 3
Concentrationof TiO2ing/L
% Reduction of COD (Initial COD: 581 )
100 1 g ge 8373832 88.55 g5 4
80 47031
?_E' 50
]
0 40 - m4hrs
(=]
20 1 mehrs
ﬂ 4
1 2 3

Concentrationof ZnOing/L

As seen from the above graph, the % reduction in COD value is almost same at 2 and 3 g/l of catalyst
concentration. On further increase in the catalyst loading from 2 to 3 g/L, the degradation rate is almost
constant, suggesting that an optimal level for catalyst effectiveness has been attained.

Sample 4:
Initial COD: 1180ma/I
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Catalyst Concentration of Irradiation Final COD % Reduction of
catalyst time(hours) (mg/1) COoD
(gL)
1 4 556.4 52.8
6 520.0 5593
Ti0; 2 4 411.2 65.15
6 336.0 71.52
3 4 271.15 77.02
g 186.9 84.16
4 4 111.0 90.59
6 a1.1 92.27
1 4 498.0 57.79
6 42912 63.63
ZnQ 2 4 340.7 71.12
6 259.0 78.05
3 4 182.1 84.56
6 122.82 89.59
4 4 a7.5 91.73
6 72.0 93.89
g 59.0 a5.0
3 4 103.0 91.27

Table 4: Percentage Reduction of COD using TiO; and ZnO for Sample 4

% Reduction of COD (Initial COD: 1180} % Reduction of COD (Initial COD: 1180)
e 059 227 100 5959 91_7393_3995 9127
:g 77.02 84.18 :g 78.05 B4.56
70 65,15 1152 70 66 T
;{ 60 { 52.8 55.93 g 50 5779
5 % o 5o m4hrs
(S m4hrs O 4
Yoy Yo mé6hrs
mEhrs
20 20 Bhrs
10 10
0 0
1 2 3 4 1 2 3 4 5
Concentration of TiO2ing/L Concentrationof ZnQin g/L
Sample 5:
Initial COD: 390mg/I
Catalyst Concentration of Irradiation Final COD % Reduction of
catalyst time(hours) (mg/l) COD
(@/L)
1 4 133.6 65.74
6 112.32 712
2 4 64.93 83.35
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TiO, 6 40.17 89.7
3 4 46.41 88.1

6 416 89.32

1 2 118.32 69.66

6 103.35 735

Zn0 2 4 54.9 85.92
6 28.47 92.7

8 13.65 %5

3 2 24.18 938

6 2418 938

Table 5: Percentage Reduction of COD using TiO, and ZnO for Sample 5

3.1 Conclusion of results:
1) Effect of type of catalyst:

100
50
0
70

% Reduction of COD (Initial COD: 390)

6574

89.7

83.35

gg.1 89.32

40

20

¥ w0
-
8 40 m4dhrs
20 mbhrs
20
10
0
1 2 3
Concentration of TiO2 (g/])
% Reduction of COD: (Initial COD: 390)
120
96.5
100 N 935538
- 80 4 gage >t
g &
O

1

2

Concentrationof ZnO in

m4hrs
mEhrs
Bhrs
3

gfl

All the results indicate that ZnO is more effective than TiO, for this industry.

2) Effect of photocatalyst loading on COD:
In order to avoid the use of excess catalyst, it is desirable to find out an optimum catalyst loading for efficient
COD reduction. A series of experiments was carried out by varying the amount of catalyst from 1 to 4 g/L with
a solution pH of about 7, and UV irradiation time of 4 hrsand 6 hrs.
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Results show that an increase in the catalyst loading from 1 to 4 g/l for higher ranges of COD decreases the
COD reduction sharply. Whereas after 4 g/l the % reduction is almost constant orit the COD starts increasing.

And for low ranges of COD (<600 mg/l), the increase in the catalyst loading from 1 to 3 g/l for higher ranges of
COD decreases the COD reduction sharply and after that % reduction is almost constant or it the COD starts
increasing.

This can be explained on the basis that optimum catalyst loading is found to be dependent on initial solute
concentration because with the increase in catalyst dosage, total active surface area increases, hence availability
of more active sites on catalyst surface. At the same time, due to an increase in turbidity of the suspension with
high dose of photocatalyst, there will be decrease in penetration of UV light and hence photoactivated volume of
suspension decreases. Thus it can be concluded that higher dose of catalyst may not be useful both in view of
aggregation as well as reduced irradiation field dueto light scattering.

3) Effect of irradiation time:

The required duration for the comp lete photocatalytic treatment of organic pollutants in the textile waste water
was studied based on the duration of catalyst irradiation to the light
source. The catalysts irradiation time was varied from 4 and 6 hours under the UV lightsource.In
the present study the results obtained represented that highest degradation efficiency when the irradiation of
photocatalyst was continued till 8 h when increase in catalyst loading increase COD. Under UV light source
and the organic pollutants removal efficiency reached upto 96.5% for 8 h irradiation time. The photo catalytic
degradation efficiency increased with respect to irradiation time of photo catalyst and the results obtained are
shown in tables.

4) Effect of H,O, concentration:

To enhance the photocatalytic degradation of dye, increase in the hydroxyl radical concentration is required. The
enhancement in degradation of dye by the addition of H,0, increases the concentration of hydroxy | radical and
it could act as an alternative electron acceptor to oxygen because hydrogen peroxide is a better electron acceptor
than molecular oxygen. Moreover hydrogen peroxide also produces hydroxyl radicals via ph otodecomposition
and it inhibits the e—, h+ recombination according to the following equations:

TiOg(e-y + H202 — TiO2 + OH™ +*OH
H;03 +e 7 (cg— *OH + OH

H;03 + hv— 2*0H

H;07+0;* — *0OH + OH™ + 07

4. Conclusion and Future Prospects

The results indicate that for this industry photocatalytic degradation can be carried out with ZnO being more
efficient than TiO2 with catalyst concentration taken around 3-4g/l with irradiation upto 6 hrs, we can achieve
around 90 % COD reduction. Advanced oxidation processes (AOPs) with UV irradiation and photocatalyst
titanium dioxide (TiO;) and Zinc Oxide (ZnO) are gaining growing acceptance as an effective wastewater
treatment method. [,

Photocatalytic degradation of organic pollutants is promising technology due to its advantage of degradation on
pollutants instead of their transformation under ambient conditions. The process is capable of removing a wide
range of organic pollutants such as pesticides, herbicides, and micropollutants. Although significant amount of
research has been conducted on ZnO; TiO2 photocatalysis at laboratory scale, its application on industrial scale
requires certain limitations to be addressed.

2166 www.ijariie.com 584



Vol-2 Issue-3 2016 IJARIIE-1SSN(0)-2395-4396

5. References:

1) Vikas Dinkar Gosavi and Sandip Sharma, “A General Review on Various Treatment Methods for Textile
Wastewater” Journal of Environmental Science, Computer Science and Engineering & Technology; Vol.3.No.1,
029-039, 2013

2) Marta 1. Litter and Natalia Quici, “Photochemical Advanced Oxidation Processes for Water and Wastewater
Treatment” Recent Patents on Engineering 2010, 4, 217-241

3) Adina Elena Segneanu, Cristina Orbeci, Carmen Lazau,Paula Sfirloaga, Paulina Vlazan, Cornelia Bandas
and Ioan Grozescu, “Waste Water Treatment Methods” Intech, 2013

4) Kunal Mondal and Ashutosh Sharma, “Photocatalytic Oxidation of Pollutant Dyes in Wastewater by TiO,
and ZnO nano-materials — A Mini-review” Department of Chemical Engineering, Indian Institute of
Technology, Kanpur, India.

5) Md Ahsan Habib, Md Tusan Shahadat, Newaz Mohammed Bahadur, Igbal M Ismail and Abu Jafar
Mahmood, “Synthesis and characterization of ZnO-TiO, nanocomposites and their application as
photocatalysts” Habib et al. International Nano Letters 2013.

6) Thillai Sivakumar Natarajan, Molly Thomas, Kalithasan Natarajan, Hari C. Bajaj, Rajesh J. Tayade, “Study
on UV-LEDI/TiO, process for degradation of Rhodamine B dye” Chemical Engineering Journal 169 (2011)
126-134.

7) Manoj A. Lazar, Shaji Varghese and Santhosh S. Nair, “Photocatalytic Water Treatment by Titanium
Dioxide: Recent Updates” Catalysts 2012, 2, 572-601

8) Mohamed A Barakat, “Photocatalysis for Wastewater Purification over TiO2 Nanoparticles” Barakat, J
Powder Metall Min 2014.

9) Cheng-Nan Chang, Ying-Shih Ma, Guor-Cheng Fang, Allen C. Chao, Mei-Chung Tsai, Hsiao-Fan Sung,

“Decolorizing of lignin wastewater using the photochemical UV/TIiO;, process” Chemosphere 56 (2004) 1011-
1017

10) Marta I. Litter, “Introduction to Photochemical Advanced Oxidation Processes for Water Treatment” Hdb
Env Chem Vol. 2, Part M (2005): 325-366

11) Sarmad Ismail, “Disinfection of Wastewater Using TiO, Semiconductor Photochemistry” Degree
Programme in Environmental Engineering, 2013

12) Herandez Fernandol, Rivera Antonio, Romero Omar, Torres Eduardo, Ortega Mariana, Diaz Merle
Yuridia And Garcia Sandra, “Photochemical Treatment as an Alternative to Improve the Quality of Wastewater
After Advanced Primary Treatment” Oriental Journal Of Chemistry 2014, Vol. 30, No. (4): Pg. 1545-1551

13) J. J. Vora, S. K. Chauhan, K.C.Parmar, S.B.Vasava, S. Sharma and L.S.Bhutadiya
“Kinetic Study of Application of ZnO as a Photocatalystin Heterogeneous Medium”
E-Journal of Chemistry,2009, 6(2), 531-536

14) Alex Omo Ibhadon and Paul Fitzpatrick, “Heterogeneous Photocatalysis: Recent Advances and
Applications” Catalysts 2013, 3, 189-218

15) Juan Yang, Chuncheng Chen, Hongwei Ji, Wanhong Maand Jincai Zhao,
“Mechanism of TiO,-Assisted Photocatalytic Degradation of Dyes under Visible Irradiation:
Photoelectrocatalytic Study by TiO,-Film Electrodes” J. Phys. Chem. B 2005, 109, 21900-21907

16) Malik Mohibbul Haque, Detlef Bahnemann and Mohammad Muneer, “Photocatalytic Degradation of
Organic Pollutants: Mechanisms and Kinetics” Organic Pollutants Ten Years After the Stockholm Convention -
Environmental and Analytical Update, 2012

2166 www.ijariie.com 585



Vol-2 Issue-3 2016 IJARIIE-1SSN(0)-2395-4396

17) Preety S. Mukherjee and Ajay K. Ray, “Major Challenges in the Design of a Large-Scale Photocatalytic
Reactor for Water Treatment” Chem. Eng. Technol. 22 (1999)

18) Ajay K. Ray, “Design, modelling and experimentation of a new large-scale photocatalytic reactor for water
treatment” Chemical Engineering Science 54 (1999) 3113-3125

19) Ajay K. Ray, Antonie A.C.M. Beenackers, “Development of a new photocatalytic reactor for water
purification” Catalysis Today 40 (1998) 73-83

20) R. M. Abhang, Deepak Kumar and S. V. Taralkar, “Design of Photocatalytic Reactor for Degradation of
Phenol in Wastewater” International Journal of Chemical Engineering and Applications, Vol. 2, No. 5, October
2011

21) Kanheya Mehrotra, Gregory S. Yablonsky and Ajay K. Ray, “ Kinetic Studies of Photocatalytic
Degradation in a TiO, Slurry System: Distinguishing Working Regimes and Determining Rate Dependences”
Ind. Eng. Chem. Res. 2003, 42, 2273-2281

22) Sadhana A. Sawant, Ajinkya Nene, Savita P. Somani, Shreeniwas K. Omanwar, Prakash R. Somani,
“Simultancous Waste Water Purification via Photocatalysis and Seed Germination” Green and Sustainable
Chemistry, 2013, 3, 129-133

23) Muhammad Umar and Hamidi Abdul Aziz, “Photocatalytic Degradation of Organic Pollutants in Water”
Intech, 2013

24) Chandan Singh, Rubina Chaudhary, Rajendra Singh Thakur , “Performance of advanced photocatalytic
detoxification of municipal wastewater under solar radiation - A mini review” International Journal Of Energy
And Environment Volume 2, Issue 2, 2011 pp.337-350

25) Craig S. Turchi And David F. Ollis, “Photocatalytic Degradation of Organic Water Contaminants:
Mechanisms Involving Hydroxyl Radical Attack” JOURNAL OF CATALYSIS 122, 178-192 (1990)

26) Falah H. Hussein and Thekra A. Abass, “Solar Photolysis and Photocatalytic Treatment of Textile Industrial
Wastewater” Int. J. Chem. Sci.: 8(3), 2010, 1409-1420

27) Anila Ajmal, Imran Majeed, Riffat Naseem Malik, Hicham Idrissc and Muhammad Amtiaz Nadeem,
“Principles and mechanisms of photocatalytic dye degradation on TiO, based photocatalysts: A comparative
overview” Royal Society of Chemistry Adv., 2014, 4, 37003

28) Sushil Kumar Kansal, Navjeet Kaur and Sukhmehar Singh, “Photocatalytic Degradation of Two
Commercial Reactive Dyes in Aqueous Phase Using Nanophotocatalysts”
Nanoscale Res Lett (2009) 4:709-716.

29) Rajesh J. Tayade, Thillai Sivakumar Natarajan, and Hari C. Bajaj, ‘“Photocatalytic Degradation of
Methylene Blue Dye Using Ultraviolet Light Emitting Diodes” Ind. Eng. Chem. Res. 2009, 48, 10262—-10267

30) Claudia Gomes da Silva, Joaquim Lu"1s Faria, “Photochemical and photocatalytic degradation of an azo dye
in aqueous solution by UV irradiation” Journal of Photochemistry and Photobiology A: Chemistry 155 (2003)
133-143.

31) Deepa N. , Meghna P. and Kandasamy S., “Experimental Studies on Decolorisation of Malachite Dye
using Continuous Photocatalytic Reactor” International Research Journal of Environment Sciences, 2319-1414
Vol. 3(3), 14-21, March (2014)

32) Narjes Jafari, Rouha Kasra-Kermanshahi, Mohammad Reza Soud, Amir Hossein Mahvi and Sara Gharavi,
“Degradation of a textile reactive azo dye by a combined biological -photocatalytic process: Candida tropicalis
Jks2 -Tio2/Uv” Jafari et al. Iranian Journal of Environmental Health Sciences & Engineering 2012

33) Falah H. Hussein, “Comparison between Solar and Artificial Photocatalytic Decolorization of Textile

Industrial Wastewater” Hindawi Publishing Corporation International Journal of Photo energy Volume 2012,
Atrticle ID 793648,

2166 www.ijariie.com 586



Vol-2 Issue-3 2016 IJARIIE-1SSN(0)-2395-4396

34) Noureddine Barka, Samir Qourzal, Ali Assabbane, Abderrahman Nounah,
Yhya Ait-Ichou, “Photocatalytic degradation of an azo reactive dye, Reactive Yellow 84, in water using an
industrial titanium dioxide coated media” Arabian Journal of Chemistry (2010) 3, 279-283

35) Dimitris I. Kondarides, “Photocatalysis”, 2010 Department of Chemial Engineering,University of Patras,
Greece.

36) Photocatalysis by Titania — Introduction Department of Applied Chemistry, CUSAT

37) Kazuhito Hashimoto, Hiroshi Irie and Akira Fujishima, “TiO, Photocatalysis: A Historical Overview and
Future Prospects, Japanese Journal Of Applied Physics Vol.44, No. 12(2205) pp. 8269-8285

38) http://www.abolinco.com/downloads/downloads/What_is_Photocatalyst.pdf

39) S. Malato Rodriguez and J. Blanco Galvez, “Solar Photocatalysis and Water Treatment: Detoxification and
Disinfecton” Solar energy conversion and Photoenergy systems-\ol Il

40) School of Sciences, Cujarat University, Ahmedabad, INDIA.
http://shodhganga.inflibnet.ac.in/bitstream/10603/4676/9/09_chapter%201.pdf

41) Timothy Lee Hathway, “Titanium dioxide photocatalysis:studies ofthe
degradation of organic molecules and characterization of photocatalysts using
mechanistic organic chemistry” lowa State University Digital Repository @ lowa State University, 2009

42) Ultraviolet Disinfection ,Wastewater Technology Fact Sheet , United States
Environmental Protection Agency, EPA 832-F-99-064 September 1999

43) Chemtech Foundation Chemical and Processing
http://www.chemtech-online.con/CP/siraj_sunita_junel2.html

44) Jan Sima, Pavel Hasal, “Photocatalytic Degradation of Textile Dyes in aTiO2/UV
System” CHEMICAL ENGINEERING TRANSACTIONS VOL. 32, 2013 A publication of
The Italian Association of Chemical Engineering (AIDIC)

45) Malka Rochkind, Sagi Pasternak and Yaron Paz, “Using Dyes for Evaluating Photocatalytic Properties: A
Critical Review” Molecules 2015, 20, 88-110

46) A. S. Mahmoud, M. S. Brooks and A. E. Ghaly, “Decolorization of Remazol Brilliant Blue Dye Effluent by
Advanced Photo Oxidation Process (H,0,/UV system)” American Journal of Applied Sciences 4 (12): 1054-
1062, 2007

47) Chhotu Ram ,Ravi Kant Pareek and Varinder Singh, “Photocatalytic Degradation of Textile Dye by Using
Titanium Dioxide Nanocatalyst” International Journal of Theoretical & Applied Sciences, 4(2): 82-88(2012)

48) J. Jeni, S. Kanmani, “Solar Nanophotocatalytic Decolorisation Of Reactive Dyes Using Titanium Dioxide”
Iran. J. Environ. Health. Sci. Eng., 2011, Vol. 8, No. 1, pp. 15-24

49) Sushil Kumar Kansal, Navjeet Kaur and Sukhmehar Singh, “Photocatalytic Degradation of Two
Commercial Reactive Dyes in Aqueous Phase Using Nanophotocatalysts” NanoExpress, Nanoscale Res Lett
(2009) 4:709-716

50) Nurhidayatullaili Muhd Julkapli, Samira Bagheri, and Sharifah Bee Abd Hamid, “Recent Advances in
Heterogeneous Photocatalytic Decolorization of Synthetic Dyes”
Hindawi Publishing Corporation , E Scientific World Journal Volume 2014, Article ID 692307

51) Enrico Mendes Saggioro, Anabela Sousa Oliveira, Thelma Pavesi, Catia Gil Maia,

Luis Filipe, Vieira Ferreira and Josino Costa Moreira, “ Use of Titanium Dioxide Photocatalysis on the
Remediation of Model Textile Wastewaters Containing Azo Dyes” Molecules 2011, 16, 10370-10386.

2166 www.ijariie.com 587


http://www.abolinco.com/downloads/downloads/What_is_Photocatalyst.pdf
http://shodhganga.inflibnet.ac.in/bitstream/10603/4676/9/09_chapter%201.pdf
http://www.chemtech-online.com/CP/siraj_sunita_june12.html

Vol-2 Issue-3 2016 IJARIIE-1SSN(0)-2395-4396

52) W. REZIG and M. HADJEL, “Photocatalytic Degradation of Vat Green 03 Textile dye, Using the
Ferrihydrite-Modified Diatomite with TiO2 /UV Process” ORIENTAL JOURNAL OF CHEMISTRY CODEN:

OIJCHEG 2014, Vol. 30, No. (3): Pg. 993-1007

53) Sharmila Pokharna, Rupali Shrivastava, “Photocatalytic Treatment of Textile Industry Effluent Using
Titanium Oxide” International Journal of Recent Research and Review, Vol. VI, Issue 2, September 2013

54) E.Chatzisymeon, C.Petrou, D.Mantzavinous, “Photocatalytic Treatment Of Textile Dyehouse Effluents
With Simulated And Natural Solar Light” Global NEST Journal, Vol 15, No 1, pp 21-28, 2013

55) Rishi Ananthashankar and Abdel Ghaly, “Photocatalytic Decolourization Of Textile Effluent Containing
Reactive Red 120 Dye With Uv/TiO,” American Journal of Engineering and Applied Sciences 6 (3): 252-262,
2013

56) Manjusha Kulkarni and Pragati Thakur, “ Photocatalytic Degradation of Real Textile Industrial Effluent
under UV Light Catalyzed by Metal Oxide Nanoparticles” Nepal Journal of Science and Technology Vol. 15,
No.2 (2014) 105-110

57) Nita P Mohabansi* and Anita K Satone, “Solar Photocatalytic Degradation Of Textile Effluents By Using
Titanium Dioxide” International Journal Of Pharmaceutical, Chemical And Bio logical Sciences (IJPCBS) 2015,
5(2), 487-490

58) Manjusha Kulkarni, Pragati Thakur, “Photocatalytic Degradation and Mineralization of Reactive Textile
Azo Dye Using Semiconductor Metal Oxide Nano Particles” International Journal of Engineering Research and
General Science Volume 2, Issue 2, Feb-Mar 2014.

59) Abdulraheem Giwa, Peter Obinna Nkeonye, Kasali Ademola Bello, Kasali Ademola Kolawole,
“Photocatalytic Decolourization and Degradation of C. I. Basic Blue 41 Using TiO2 Nanoparticles” Journal of
Environmental Protection, 2012, 3, 1063-1069

60) Abbas J. Attia, Salih H. Kadhim And Falah H. Hussein, “Photocatalytic Degradation of Textile Dyeing
Wastewater Using Titanium Dioxide and Zinc Oxide” E-Journal of Chemistry Vol. 5, No.2, pp.219-223, April
2008

61) N.P.Mohabansi, V. B. Patil and N.Yenkie, “A Comparative Study On Photo Degradation Of Methylene
Blue Dye Effluent By Advanced Oxidation Process By Using Tio2/Zno Photo Catalyst.” Rasayan J. Chem
\Vol.4, No.4 (2011), 814-819

62) Susheela Bai Gajbhiye, “Photocatalytic Degradation Study of Methylene Blue Solutions and Its Application
to Dye Industry Effluent” International Journal of Modern Engineering Research (IIMER) Vol.2, Issue.3, May -
June 2012 pp-1204-1208

63) Sampa Chakrabarti, Binay K. Dutta, “Photocatalytic degradation of model textile dyes in
wastewater using ZnO as semiconductor catalyst” Journal Of Hazardous Materials - September 2004

64) N. N. de Brito-Pelegrini , P. de Tarso Ferreira Sales & R. T. Pelegrini (2007) “Photochemical Treatment of
Industrial Textile Effluent Containing Reactive Dyes”, Environmental Technology,28:3, 321-328

65) Kazuhito Hashimoto, Hiroshi Irie and Akira Fujishima, “TiO, Photocatalysis: A Historical Overview and
Future Prospects” Japanese Journal Of Applied Physics Vol.44, No.12 (2005) pp.8269-8285[Part1]

2166 www.ijariie.com 588



