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Abstract

ABSTRACT

Water is the life-blood of environment, a precious natural resource and an important input to the
industrial activities. By the year 2050, it is expected that more than 2 billion people of the world
would live under conditions of high water stress. Keeping the future scenario in focus, immediate
steps need to be taken by the utility producers and consumers in industries to optimize
consumption, improve quality and maximize the water reuse. The textile industry wastewater
varies extensively in terms of composition due to the impurity in fibers and the chemicals used in
the different processes. Colouring matter is the major contaminate in the textile effluent and has
to be removed before discharging the effluent into aqueous system. Various techniques such as
physical, chemical, biological, advanced oxidation and electrochemical are used for the
treatment of the industrial effluent. The commonly used conventional biological treatment
processes are time consuming, need large operational area and are not effective for the effluent
containing toxic elements. In electrocoagulation technique, there is an in-situ generation of the
coagulant due to the dissolution of the sacrificial anode by the application of the current between
the electrodes. But the cost of electricity and the sacrificial anode can enhance the cost of
operation in electrocoagulation.

In the present study, ozonation has been explored for the treatment of the
textile industry effluent. Ozonation of the synthetic dye solution containing Acid red 131 mono-
azo dye was carried out in a semi-batch reactor. The effect of the ozone dose, the initial dye
concentration in the solution and the solution pH on the rate of decolourization was studied and
the results were analyzed in terms of colour removal efficiency. The colour removal efficiency
was found to increase with an increase in the ozone dose. Alkaline pH of the synthetic dye

solution was found suitable for the ozonation and 100 % colour removal efficiency was obtained
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Abstract

after 23 min of ozone treatment at solution pH 11. The colour removal efficiency was found to
decrease with an increase in the initial dye concentration of the synthetic dye solution. The
results of the kinetic study show that the ozonation of the dye follows a pseudo-first-order
reaction with respect to the dye concentration in the solution. Experiments were also performed
to remove the dye from the real textile industry effluent by oxidation with ozone and 100%
colour removal efficiency was obtained after 110 min. The quantity of ozone and the power
consumption for the ozone generation were determined.

The oxidation with ozone in presence of UV light in a solution containing Acid
red 131 dye was investigated in batch mode of operation and studied the effect of various
operating parameters such as ozone dose, solution pH and initial dye concentration on colour
removal efficiency have been studied. The pseudo-first order reaction rate constants were
determined for decolourization of Acid red 131 dye oxidation with ozone in presence of UV light
at different initial dye concentrations in the solution, ozone dose and the solution pH values. The
results did not show remarkable enhancement in colour removal efficiency compared to
oxidation with ozone alone.

Ozone in combination with hydrogen peroxide (H,O;) was used for the
oxidation of a mono-azo dye solution containing Acid red 131 dye. There is no significant
enhancement in the colour removal efficiency obtained by oxidation by the combination of
ozone and hydrogen peroxide compared to the oxidation with ozone only. The treatment
performance of oxidation with ozone and hydrogen peroxide depend on the solution pH. High
decolourization in alkaline media (pH = 11) is due to the generation of hydroxyl radicals that

have a higher oxidation potential than molecular ozone. The results shows that complete colour
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removal was obtained within 20 min, at optimum hydrogen peroxide dose of 41.3 g/L and ozone

dose of 12 g/m?®.

Oxidation by hydrogen peroxide in presence of UV light, was studied for the decolourization
of the synthetic dye solution containing Acid red 131 dye. The CRE obtained by oxidation with
hydrogen peroxide was very low (15.8 %). A significant increase in CRE (90 %) was obtained
by oxidation with hydrogen peroxide in presence of UV light as the oxidation with hydrogen

peroxide needs to be activated by UV light to achieve higher CRE.

The decolourization of the synthetic dye solution containing Reactive blue 19 dye was
performed by the Fenton and the photo-Fenton processes. The effect of the dose of the hydrogen
peroxide and the ferrous ions and the solution pH on the rate of decolourisation was studied and
the optimum conditions were obtained. The maximum colour removal efficiency of 93.3 % and
97.5 % was obtained after 360 min of oxidation at the optimum conditions (solution pH: 3, H,O:
50 g/L, Fe** 4 mg/L) by the Fenton and the photo-Fenton process respectively. The experimental
data was analyzed using the first and second-order and Behnajady- Modirshahla- Ghanbery
(BMG) kinetic models and the kinetic data was in good agreement with the BMG model.
Experiments were also performed to treat the real textile industry effluent containing the
Reactive blue 19 dye and the colour removal efficiency of 84 % and 97 % was obtained after 540

min of the treatment by the Fenton and the photo-Fenton process respectively.

Experiments were conducted to explore the use of ozonation for the treatment of
distillery effluent. The experimental results show that the maximum chemical oxygen demand

(COD) removal of 90 % was obtained under optimum conditions in 40 min of the ozone

\
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treatment. A maximum COD removal of 43.7 % was obtained after 360 min of oxidation with

H,0, only.

It was found from the experimental study that advanced oxidation processes (ozonation,
peroxidation, Fenton and photo-Fenton processes) has the potential to be employed for the

treatment of industrial effluent (textile dyeing and distillery effluent).

VI
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