Impact Factor (S]IF): 4.542

International Journal of Advance Research in Engineering, Science &
Technology

e-ISSN: 2393-9877, p-ISSN: 2394-2444

Volume 4, Issue 6, June-2017
Treatment of Dye Wastewater by AOP’s

Anushree B. Kava', Reshma L. Patel?,
'FinalyearM. Tech. Student, Environmental Engineering, B.V.M Engineering College, V.V. Nagar, Gujarat, India
?Associate Professor, Civil Engineering Department, B.V.M Engineering College, V.V. Nagar, Gujarat, India

Abstract: The study was carried out on dye wastewater treated by AOPs (advanced oxidation process) for the removal of
residual COD on a laboratory scale. This study compares the treatment efficiency of COD removal by Fenton’s treatment
& combined Fenton & Ultrasonic cavitation performed at the same time interval. Raw wastewater showed COD around
2800 — 2900 mg/l. The effect of different parameters & dosage combinations such as pH, COD/ H,0, & H,0,/Fe*? were
analyzed. About 81% reduction in COD is observed at pH 3, COD: H,0, as 2:1 and H,0,: Fe+2 as 10:1 by Fenton’s
treatment & 88% by combined Fenton & Sonolysis treatment. Hence, it is suggested that combined Fenton & Ultrasonic
cavitation proves to be more efficient treatment for COD reduction and thereby improving biodegradability of the
wastewater.
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1. Introduction

Dye industry consumes maximum amount of water in dyeing & finishing process. The textile effluents consists of
high TDS, COD, chloride, BOD, colour, surfactants and are refractory organic matter due to which these cannot be used as
carbon source neither as an energy source by micro-organisms. Conventional treatment of textile effluent is not effective
due to the complex structure of dyes and less biodegradability also when COD is high. Therefore, Advanced Oxidation
Process have been widely used as in generating hydroxyl ions (OHs) as a primary oxidant. AOPs are applied as an
alternative to achieve reduction in COD & eventually improve biodegradability of the wastewater.

The two AOPs used are Fenton treatment & Ultrasound cavitation. Fenton’s reagent as they effective to
decolourize wastewater & reducing COD thereby treating various industrial wastewaters in generating hydroxyl ions
(OHs- ).Fenton’s reagent refers to aqueous mixture of Fe (II) and hydrogen peroxide.The basic mechanism of Fenton’s
treatment includes oxidation, chemical coagulation of dye molecules ,therefore degrading organic pollutants.

Fe** +H,0, — Fe** +HO-+OH

The Hydroxyl radical is very strong and attacks on organic compounds and thus yields to reduction in colour of
the dye or even colourless. It has also been studied that Fenton’s treatment is quite efficient to treat wastewater having
>5000 mg/l COD and removal of AOX (Adsorbable Organic Halogen) but the most important point in this treatment is
that pH should be 2-3.High concentration of H,O, acts like a radical scavenger while low concentration of H,O, is not
enough to COD. The H,0,/Fe*? concentration ratio 10:1 is advantageous for removal of AMX, AMP, and CLX
wastewater Liu et al. [13]. It is also observed that removal of Aniline and COD greatly depends on H,0, concentration it is
observed that 93% of COD removal was obtained by adding 1200 mg/l of H,0,.

Sonochemistry involves chemical processes in presence of ultrasound irradiation. When waves of large
amplitudes pass through the solution it causes cavitation i.e. formation of bubbles, coupling of these bubbles takes place by
the acoustical wave at a microscale level and reach to a critical size. Further compression leads to collapse of bubbles,
resulting to chemical reaction, heat and light emissions. The present study is carried out on real dye wastewater i.e. Basic
Red 39.

Several methods have been introduced to treat dye wastewater in this paper, two major objectives are:
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1. To investigate and compare efficiency of Fenton’s treatment and combine Fenton and Ultrasound cavitation treatment of
real dye wastewater for COD removal.
2. To check and improve biodegradability of the wastewater after AOPSs.

2. MATERIALS AND METHODS
2.1 The Dye Wastewater

The raw wastewater was obtained from a Dye manufacturing industry located at Ankleshwar, Gujarat, India. The
company manufactures products such as Basic Red & Tartrazine. The presence of colour is mainly due to Rhodamine,
minimum 5-6% of colour do exist even after carrying out treatment on the wastewater. The COD of raw wastewater ranges
about 2800 — 2900 mg/l. The characteristics range of secondary-treated wastewater collected from the unit used in the
present study is shown in Table 1.

2.2 Fenton Treatment

The sample of dye wastewater sample having initial COD 2860 mg/l with Fenton’s treatment oxidation reactions
were carried out in a 500ml beaker. Prior to the treatment pH in all the samples was adjusted to 2, 2.5 & 3 for different sets
of combination. Then iron catalyst (Ferrous Sulphate) was added on the basis of molar ratios such as H,0,/Fe*? 10:1, 15:1
& 20:1 followed by drop to drop addition of H,O, based on COD: H,O, concentration ratio of 2:1, 4:1, 6:1 with
continuous stirring as shown in fig.1. The reaction was allowed to run for 3hrs, after which, pH was adjusted to 9 by
hydrated lime and then bought down to pH 7 by adding Alum. Different sets of experiment were performed keeping pH &
COD: H,0, concentration ratio value constant at a time and varying H,0,: Fe*? molar ratios i.e. 10:1, 15:1 & 20:1 for each
set.

2.3 Ultrasonic Cavitation

Sonochemistry involves passing acoustical waves of finite amplitude waves through solutions causing cavitation.
About 125ml of Fenton sample was taken in beaker. Sonication probe was dipped in the beaker filled with sample and
allowed to run the reaction for 172 second cycle for 3hours the phase is such as the cavitation occurs for 172 sec. and
pauses for next 172 seconds. The frequency at which sonication works is 20 kHz. As a result, sludge is settled and
supernatant is tested for COD. Fig.2 shows the Ultrasonication apparatus with the probe in the sample for sonication.

Figure 1. Adding H,0, and Fe*? in Raw Figure 2. Ultrasonic Cavitation Apparatus
Wastewater on Magnetic Stirrer

Table 1: Characteristics of OBA Wastewater Used in Present Study
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Characteristics Value of parameters
pH 5.0-6.0
COD (mgl/l) 2800- 2900
TDS (mg/l) 13,400 — 14,750
Chloride (mg/l) 691- 770

2.4 Analytical Methods

Total Dissolved Solids, Chemical Oxygen Demand, Chloride, pH tests were performed according to procedure described
in standard methods.

3. RESULTS & DISCUSSION

The experimental work was oriented towards the best combination of AOPs that can be applied on the current
wastewater to achieve best COD removal.

In this study, COD removal obtained is 87% by combine Fenton & Ultrasonic cavitation is more efficient than
81% by only Fenton process for COD removal. The table.2 shows the results of maximum COD removal amongst all the
sets of experiments. The increase in efficiency may be due to additional generation of OH™ by Sonolysis and cavitation
causing pyrolysis of organics. Also the treatment efficiency depends on organics characteristics.

Table: 2 COD Removal Achieved by Fenton and Combine Fenton + Ultrasonic Cavitation treatment at pH 3

COD after
. % COD
% COD combine
COD after removal by
removal by Fenton
COD/H,0, H,0,/Fet*2 Fenton’s Fenton
Sr. No ] . Fenton’s +
molar ratio molar ratio Treatment ) +
Treatment ultrasonic )
(mg/l) o ultrasonic
cavitation o
cavitation
(mg/l)
19 6:1 (0.4ml) 2000 31% 2567 11%
20 4:1(0.59ml) 10:1 650 78 % 1100 62%
21 2:1(1.19) 814 72% 540 87%

Following figure 2 (A) and figure 2 (B) shows % COD removal by Fenton and Fenton + Sonolysis both the treatments.
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Figure 3. Comparing Fenton and combine Fenton + Ultrasonic cavitation treatment %COD reduction at pH 3

and H,0,/Fe*? molar ratio 10:1

4. CONCLUSION

Two advanced oxidation treatments were performed on the waste by varying parameters of Fenton’s reagent
.Both the treatments have better performance compared to conventional treatment The results draws to conclusion that
Fenton’s treatment works best at pH 3. Although the COD values exceed limits of safe discharge standard but considerable

reduction in COD is observed.
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By only Fenton’s treatment COD removal achieved is 81% for COD:H,0, ratio of 4:1 & H,0,: Fe*? ratio of 15:1
& by combined Fenton & Sonolysis %COD removal obtained is 87% for COD: H,0, ratio of 6:1 & H,0,: Fe* of
20:1.Therefore, it is seen that Fenton’s treatment combined with ultrasonic cavitation proves to be more efficient treatment
for COD removal.
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