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Abstract: Dye waste water pollutants are the major sources of environmental pollution. Textile waste water introduces
intensive color and toxicity to aquatic system. Dyes possess complex aromatic structure. Hence conventional biological
treatment methods are ineffective for decolourisation and degradation. Now a day’s Heterogeneous photocatalysis method
is used for the treatment of textile waste water. Due to the high photo catalytic activity and stability of Zinc oxide, it is
generally used as a photo catalyst for the removal of organic pollutants. Therefore the study has been made to determine the
amount of decolourisation of the Napthal ASG dye using the catalysts ZnO with the combination of UV irradiation by
Batch process. The influence of parameters such as catalyst loading, reuse of catalyst and initial concentration of the dye
has been studied. In Batch process, the optimum dosage of catalyst for the concentration of 41600 mg/L was about 20g/L
and the efficiency was about 83.90%.The dye was completely degraded in 30 min. After the first usage of catalyst it is
dried in the sunlight and then it is used for the second time , its efficiency is 80.25% and 71.34% for the third time reuse of
dosage.
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solutions. The illumination of these particles with light
energy greater than the band gap energy leads to the
production of high energy electron-hole pairs (e/h"),
which can migrate to the surface of the photo catalyst and
can either recombine producing thermal energy or

1. Introduction

Advanced oxidation processes (AOPs) have been
efficiently applied on the degradation of a variety of
organic contaminants [l]. These processes include o ) ) -
technologies such as 03, 03/UV, H202/UV, Fenton, participate in redox reactions with the compounds that are
photo-Fenton, TiO2/UV, etc. which are characterized by a ~ adsorbed on the photocatalyst’s surface, thus, leading to
common factor: the generation of hydroxyl radicals. These ~ complete mineralization of the organic compounds [S].
radicals show little selectivity of attack and are able to The textile dyeing industry consumes large quantities of
oxidize a variety of organic compounds due to their high ~ Water and produces large volumes of wastewater from

oxidative capacity (reduction potential of OHEo = 2.8 V) different steps in .the- dyeing apd ﬁn.ish.ing processes.
[2]. The versatility of the AOPs is also enhanced by the Wastewater from printing and dyeing units is often rich in
color, containing residues of reactive dyes and chemicals,

and requires proper treatment before being released into the
environment [6]. The main challenge for the textile
industry today is to modify production methods, so they are
more eco-friendly at a competitive price, by using safer
dyes and chemicals and by reducing cost of effluent
treatment/disposal [7]. The wastewater from the dye house
is generally multi-colored. A total of 15% of the total
world production of dyes is lost during the dyeing process
and is released in textile effluents [8]. The dye effluent

fact that they can offer different possible ways for
OHradicals production, thus, allowing a better compliance
with the specific treatment requirements.

Heterogeneous photocatalysis is a very promising
technique as it has already been applied with success on the
degradation of different categories of organic compounds
combining the low cost, the mild conditions and the
possibility of using sunlight as the source of irradiation [3,
4]. This technique is based on the illumination of
semiconductor particles usually suspended in aqueous
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disposed into the land and river water reduces the depth of
penetration of sunlight into the water environment, which
in turn decreases photosynthetic activity and dissolved
oxygen (DO). The adverse effects can spell disaster for
aquatic life and the soil. Many dyes contain organic
compounds with functional groups, such as carboxylic (—
COOH), amine (-NH2), and azo (-N=N-) groups, so
treatment methods must be tailored to suit to the chemistry
of the dyes [9]. Therefore it is necessary to find an
effective method for waste water treatment to remove color
from textile effluents. Therefore there are three methods
for treatment of colored materials, which include [10]

*  Physical methods employing precipitation,

adsorption and reverse osmosis

*  Chemical methods via oxidation and reduction and

* Biological methods including anaerobic and

aerobic treatment.

The disadvantage of precipitation methods is sludge
formation. The disadvantage of adsorption is that the
adsorbent needs to be regularly regenerated. This is
associated with additional costs and sometimes with very
time consuming procedures. Biological treatment is
ineffective in cases where complicated aromatic
compounds are present. Industries generally adding NaOCl
in the final polishing steps to remove effluent color from
chlorinated by products, which severely damage the
surface water and ecological environments [11-15].
Photocatalytics oxidation by UV/TiO2 or ZnO involves the
oxidation of TiO2 /ZnO particles by UV light from valence
band of the solid to the conduction band [16-20].

TiO, hv — €'cp+ h+VB (D
ZnO + hv —>e-CB + h+VB (2)

When a semiconductor such as catalyst absorbs photons
the valence band electrons are excited to the conduction
band. For this to occur, the energy of photon must match or
exceed the band gap energy of the semiconductor. This
excitation results in the formation of an electronic vacancy
or positive hole at the valence band edge.
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Fig 1. Excitation of Electrons from valence bond to conduction bond

This hole has a positive charge and reacts with the
adsorbed water molecules on the surface of the solid

producing the radical OH- which has great potential
oxidation of organic molecules.
The simplified mechanism is as follows:

€cg T O0,— Oy (3)
h+VB + OH-(dye surface) — OHO (4)
h'yp +HyOu4) — OH+H' (5)

OH'+Organic contaminants—Degradation products+ H,O/yq5) (6)

hv - photons that initiates the reaction.

OH - hydroxyl radical

ads - molecules that are adsorbed on the catalyst.

Once the reaction has begun the molecules generated by
the oxidation of the dye (products) can be adsorbed on the
catalyst and oxidized again due to the constant formation
of OH’ during the irradiation periods [21]. Zinc oxide is
an inorganic compound with the formula ZnO. The powder
is widely used as an additive into numerous materials and
products including plastics, ceramics, glass, cement, rubber
(e.g., car tires), lubricants, paints, ointments, adhesives,
sealants, pigments, foods (source of Zn nutrient), batteries,
ferrites, fire retardants, first aid tapes, etc. ZnO is present in
the Earth's crust as the mineral zincite; however, most ZnO
used commercially is produced synthetically [22]. ZnO is a
catalyst in the photo catalytic degradation of organic
pollutants due to its suitable band gap energy of 3.3 eV
over a wide range of pH. Hence it is a great challenge for
industry to find the effective solving technology meeting
the environmental protection requirement.

2. Material and Methods
2.1. Effluent

The effluent was collected from Grasim Industries
Ngada (M.P.) India, and freeze at 20°C before using for
experiment.

2.2. Reagents

The real textile dye effluent (Napthal ASG) was taken
for the study. The catalyst used for the photo catalytic
degradation was Zinc Oxide (ZnO).Distilled water was
used in all experiments [22]. The structure of Napthal ASG
Dye is shown in Fig. 2.

2.3. Method (Batch Process)

2.3.1. Photo Reactor System

Photo catalytic tests were performed in a Pyrex glass
cylinder batch photo reactor with a volume of 1000 ml.
The UV light source was powered with medium pressure
UV lamp of 15watt. An electrical magnetic stirrer with
magnetic bar was used continuously so that catalyst can be
uniformly dispersed in the solution when the sample was
degraded by UV light. The entire reactor was kept inside
the UV inoculation chamber in order to guarantee
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maximum use of the radiation, to prevent the effects of
external radiation and to maintain the temperature of the
reactor system. The reactor system temperature was
monitored periodically and kept constant. Samples were
collected periodically using a micro-pipette[23].
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Fig 2. Structure of Napthal ASG Dye
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Fig 3. Photo reactor system for the Batch process

2.3.2. Effect of Zno on the Photo Reactor System

Napthal ASG dye (250 ml, 41600ppm) with the dosage
of catalyst ZnO was placed in a photo reactor .An electrical
magnetic stirrer was used continuously in the reactor so
that catalyst can be uniformly dispersed in the solution.
After stirring the solutions for 5 minutes, 5 ml of sample
was collected and labeled as sample at 0 minute. Samples
were collected using 10 ml micro pipette at different time
interval 5, 10,15,20,25 and 30 minutes. The concentration
of dye was determined from the absorbance observed at
A=388nm using UV-Vis spectrophotometer [24, 25].

Percentage of Degradation (%D) was calculated by
using the following equation

Where

Ao — absorbance of t=0 minute

At- absorbance at t minutes.

In order to determine the concentration of the dye after
treatment, a calibration curve was drawn by measuring the
absorbance of dye solution of known concentrations. The
calibration curve for the dye is shown below
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Fig 4. Calibration curve for Napthal ASG dye

3. Results and Discussions
3.1. Effect of Catalyst Dosage

The dosage of the catalyst was varied with the
concentration of dye as constant to find the optimum
dosage. With the concentration of dye as 41600 mg/L, the
dosage of catalyst was varied as 5 g/L, 10 g/L, 15 g/L, 20
g/L, 25 g/L, 30 g/L, 35 g/L, 40 g/L, and 45 g/L. With the
room temperature and irradiation time as constant, the
optimum dosage was found to be 20 g/L which is
illustrated in the graph below. The density of particles in
the area of illumination also increases and so the rate is
enhanced. Above a certain level, the substrate molecules
available are not sufficient by the increased number of
particles (i.e.,) although more area is available for a
constant dye concentration the number of substrate
molecules present in the solution is the same. Hence the
additional catalyst powder is not involved in catalyst
activity and the rate does not increase with an increase in
the amount of catalyst beyond a certain limit.

3.2. Efficiency on Second and Third Reusage of Catalysts
(Zn0)

Since the dosage for the dye treatment (20 mg/l) was
very high it is advisable for reuse of the photocatalyst.
Hence the zinc oxide which is used for the treatment was
reused for second time and third time. The efficiency of
degradation of dye on reuse are shown if Fig. 5.
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Fig 5. Decolourisation efficiency with respect to various catalyst dosages concentration of dye is 41600 mg/L
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4. Conclusion

Photocatalysis has large capability for the water
treatment. It can be utilized for the decomposition of
organic and inorganic compounds. It can be used also to
decompose natural organic matter, which has many
environmental and industrial impacts. Complete
decolourisation of the Napthal ASG dye was achieved in
an irradiation period of 30 minutes. Degradation efficiency
of 83.90% was observed for the dye concentration of
41600mg/L. An optimum catalyst dosage of 20g/L has
been determined. Degradation efficiency was obtained at
reuse of catalyst was 80.25%, 71.34% at second and third
time reuse respectively. The drawback of this method is
that of being slow compared with traditional methods but it
has the advantage not leaving toxic by product or sludge to
be disposed.
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