Photocatalytic Degradation of Distillery Waste Water

ABSRACT
Hydrogen peroxide combined with ultraviolet radiation (H2O2/UV) and Photo Fenton (Fe2+/H2O2/UV) be used for water and wastewater treatment for pollution removal. The effect of pH on % COD and Color Reduction from distillery waste comparing the various AOPs such as ultraviolet radiation (H2O2/UV), and Photo Fenton (TiO2/UV). The optimum value for pH 4 having very high efficiency of COD and decolorization of distillery waste water for all process which analyses by experimental observations. The optimum value of reaction time between 90-120 min for having very high efficiency of COD and decolorization of distillery waste water. The optimum value for both H2O2 and TiO2 are 0.5-1 gm/l for all experimental processes. 

As intensity of UV light increase the rate of photolysis of H2O2 increase. Optimum value of UV 400-450 nm after that rate of degradation reduced. Value of UV intensity should be λ< 450 nm. The effect of pH on % COD Reduction on DWW comparing as Photocatalytic oxidation with UV/H2O2 and UV/TiO2. As value of pH increase from 2 - 4 % Reduction COD increase beyond 4 pH value of % reduction of COD decrease. The maximum reduction using UV/H2O2 and UV/TiO2 at 4 pH are 78 and 85%. The Effect of pH on % Color Reduction on distillery waste comparing as Photocatalytic oxidation with UV/H2O2 and UV/TiO2. As value of pH increase from 2 – 4 the % Reduction Color increase beyond the 4 the value of % reduction of COD decrease. 
Maximum reduction of color using UV/H2O2 and UV/TiO2 at 4 pH are 80 and 88%. Effect of Reaction Time on % Color Reduction on distillery waste comparing as Photocatalytic oxidation with UV/H2O2 and UV/TiO2. As Reaction Time increase % Reduction Color increase up to 120 min. Optimum value for 90 min for both processes. After contact time 90-120 min there is no change in reduction of color. For this AOP process TiO2 major chemicals determining operation costs as well as efficiency and the dosage of TiO2 depends on initial COD and color concentration. If COD is higher the requires more TiO2 and if COD lower than the less TiO2 required. As per experimental study optimum amount of TiO2 obtained is 0.5-1 gm/l of waste water treated.      Keywords – AOP, Sugarcane Distillery Waste Water, UV/H2O2 and Fe2+/UV/H2O2 Process, COD Removals and Decolorization of Waste Water.
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Objectives of Projects
1. To Study Various Characteristics of Distillery Wastewater like COD, BOD, pH etc.
2. To Study Various Photo Catalytic Oxidation Process
3. To Study Various Parameters Effect on Photo Catalytic Oxidation process.
4. Select the Photo Catalytic Oxidation Process for Distillery Waste Water Treatment. 
5. To Study of effect of Photo Catalytic Oxidation process.


Chapter No. 01
INTRODUCTION
[bookmark: _Hlk6829522]1.1 Introduction 
Distillery spent-wash has very high organic content (75 000 to 125 000 mg/L chemical oxygen demand (COD) and dark brown color. In India Sugarcane industry are one of the most polluting industries which generating large volumes of high strength wastewater. Waste water produced from distillery containing highly color, COD, BOD, TDS and other organic matter. In India for alcohol production Sugarcane molasses is most useful which is byproduct of sugar industry contains 50 % fermentable sugar. [1]
Distilleries are one of the most polluting industries generating large volumes of high strength wastewater. These effluents are containing highly colored, COD, BOD, TDS and other organic matter. To meet the environmental standards and regulations, treatment of effluent is must before letting out to the environment. During fermentation of molasses 8 -10 L of spent wash generated per liter ethanol production.
Because of high temperature and COD levels, ethanol distillery wastewater is usually treated through one or two-stage thermophilic anaerobic digestion process followed by aerobic process. These biological processes are not sufficient in removing color to acceptable levels. AOPs have shown to be effective in degrading recalcitrant stable, inhibitory, COD, BOD, color or toxic substances.
Properties of Spent wash (Waste Water) produced from distillery
1.  Highly acidic
2. Strong odor
3. Metal sulfides and phenolics
4. Dark brown color
5. High COD, BOD and TDS 
1.2 Advanced Oxidation Process (AOPs) 
Advanced oxidation process is used for treatment of waste water such as ozone, single hydrogen peroxide, Fenton’s reagent and ozone combined with hydrogen peroxide.  AOPs can capable to removal of COD and color. In oxidation process bicarbonate ions found to be strong inhibitors of decolorizing and removal of high COD from waste water. The performance of the photo, Fenton, photo-Fenton and ozone–photo–Fenton processes in terms of color removal and chemical oxygen demand (COD) removal of distillery industrial effluent. AOPs process could be used as an efficient, effective and environmentally friendly technique for complete removal of organic and inorganic pollutants, which increases the reusability of wastewater.
1.2.1 Application of Photo Catalytic Oxidation Process for Waste Water Treatment 
1. Chemical Industry
2. Pharmaceutical Industry
3. Pulp and Paper Industry
4. Textile Industry
5. Food Industry
6. Landfill Leachates
7. Biomedical Application
8. Dye-Process Industrial Waste
9. Pre-treatment to Wastewater 
10. Organic Pollutant Destruction 
11. Toxicity Reduction 
12. Biodegradability Improvement 
13. BOD / COD removal 
14. Odor and Color Removal 
1.2.2 Types of Advanced Oxidation Processes (AOPs)
I. Homogeneous processes
1. Fenton (Fe2+ or Fe3+/H2O2)
2. Wet air oxidation (WAO)
3. Ozonation with Hydrogen peroxide
4. Vacuum ultraviolet (VUV)
5. Alkaline media ozonation (O3/HO−)
6. Supercritical water oxidation (SCWO)
7. Electro-Oxidation
8. Photo-Fenton (Fe2+ or Fe3+/H2O2/UV)
9. Electro hydraulic discharge - Ultrasound 
II. Heterogeneous Processes
1. Catalytic wet air oxidation (CWAO)
2. ZnO/UV, SnO2/UV, TiO2/UV, TiO2/H2O2/ UV
1.2.3 Selected AOPs for Distillery Wastewater Treatment
1. Fenton’s Process 
Hydrogen peroxide (H2O2) and ferrous iron (Fe2+) reaction producing the hydroxyl radical (OH) and hydroxyl radical is a strong oxidant capable of oxidizing various organic compounds. Fenton process is very effective for OH Hydroxyl radical’s generation and it involves consumption of one molecule of Fe2+ for each OH radical produced, demanding a high concentration of Fe2+.
2. Hydrogen Peroxide/UV light Process
UV /H2O2 process includes H2O2 injection and mixing followed by a reactor that is equipped with UV light (200 to 450 nm). UV is to cleave the O-O bond in hydrogen peroxide and generate the hydroxyl radical. H2O2 concentration produces higher hydroxyl radical concentration decomposes target compound. H2O2 concentration overdosing would lead to reaction with hydroxyl radical and formation of HO2•. Hydrogen peroxide/UV light process is efficient in mineralizing organic pollutants. 
3. Photo-Fenton (Fe2+ or Fe3+ / H2O2 / UV)
In photo (Fe2+ / H2O2 / UV) process includes H2O2 injection and mixing followed by a reactor that is equipped with UV light (200 to 450 nm). UV light is use to cleave the O-O bond in hydrogen peroxide and generate the hydroxyl radical.
1.3 Conventional Methods for Distillery Wastewater Treatment 
The removal of unwanted compounds in wastewater for safe discharge into environment is aim of treatment process. Using physical, chemical and biological treatment of distillery effluent is aerobic or anaerobic and most combination of both used. 
1.3.1 Physical Treatment Methods 
1. Membrane filtration processes (Nano-filtration, Reverse osmosis)
2. Adsorption techniques. 
1.3.2 Chemical Treatment Methods 
1. Coagulation or flocculation combined with flotation and filtration,
2. Precipitation flocculation with Fe (II)/Ca (OH)2 
3. Electro flotation
4. Electro-kinetic coagulation
5. Conventional oxidation methods by oxidizing agents (ozone). 
6. Electrochemical processes etc., remove toxic material and colloidal impurities. 
1.3.3 Biological/Microbial Treatment 
In biological or microbial treatment microorganisms metabolize a variety of substrate have been utilized for biodegradation of complex, toxic and recalcitrant compounds which cause severe damage to environment. So this microorganism have been exploited for biodegradation and decolorization of melanoidin pigment present in industrial wastes especially from distillery and fermentation industry. 
Anaerobic Treatment 
Distillery spent wash has high organic content which makes anaerobic treatment attractive in comparison to direct aerobic treatment. This treatment is  complex ecosystem in which physiologically diverse groups of microorganisms operate and interact with each other in a symbiotic, synergistic, competitive or antagonistic association. In the process methane and carbon dioxide are generated. 
Aerobic Treatment
In the aerobic treatment process use of aerobic sequencing batch reactor (SBR) was reported to be a promising solution for the treatment of effluents originating from small wineries and treatment system. For this treatment period of 7 days was given to the aerobic reactor and the system resulted in 93% COD and 97.5% BOD removal. 
Bio Composting 
The method is which activated bioconversion through the aerobic pathway is nothing but bio composting where heterotrophic microorganisms act on carbonaceous materials depending on the availability of the organic source. The presence of inorganic materials essential for their growth. 
Adsorption  
For adsorption process activated carbon is a well-known adsorbent For distillery spent wash treatment adsorption are considered to be most effective. According to literatures it proven technology having potential application in both water and waste water treatment. This process is rapid passive sequestration and separation of adsorbate from aqueous or gaseous phase onto the solid phase. 
Advanced Oxidation Process (AOPs) 
There is various advanced oxidation process are used for treatment of waste water such as ozone, single hydrogen peroxide, Fenton’s reagent and ozone combined with hydrogen peroxide.  AOPs can capable to reduce 76 % of color and 78 % of COD. 
Membrane Treatment
MBR is technology has been using very widely to treat domestic wastewater. The treatment is using by synthetic membranes or diffusion process through membrane. Another on membrane treatment electro dialysis has explored for desalting spent wash using cation anion exchange membrane gives 50 -60 % reduction in potassium content. 
Electrocoagulation  
[bookmark: _Hlk5869519]Electrocoagulation process capable to remove Color, TDS, SS, COD and Heavy metals from waste water. Efficiency of electro-coagulation is decreases with increase in concentration of melanoidin. Electrodes consumption increases with increase in concentration of melanoidin. 
1.4 Selected AOPs for Distillery Waste Water Treatment
1.4.1 Hydrogen Peroxide/UV Light Process
UV /H2O2 process includes H2O2 injection and mixing followed by a reactor that is equipped with UV light (200 to 450 nm). UV is to cleave the O-O bond in hydrogen peroxide and generate the hydroxyl radical.

Reaction Mechanism

H2O2+ UV Light → 2 HO• 
H2O2 + HO•→ ΗΟ2• + Η2Ο 

H2O2 + ΗΟ2•→ HO• + Η2Ο + Ο2

2HO•→ H2O2

2 ΗΟ2•→ H2O2 + Ο2

HO• + ΗΟ2•→ H2O + Ο2

H2O2 concentration produces higher hydroxyl radical concentration decomposes target compound. H2O2 concentration exists because overdosing of hydrogen peroxide would lead to reaction with hydroxyl radical and formation of HO2•. Hydrogen peroxide/UV light process is efficient in mineralizing organic pollutants. Hydrogen peroxide/UV light process cannot utilize solar light as the source of UV light due to the fact that the required UV energy for the photolysis of the oxidizer is not available in the solar spectrum. 
1.4.2 Photo-Fenton (Fe2+ or Fe3+ / H2O2 / UV)
In photo (Fe2+ / H2O2 / UV) process includes H2O2 injection and mixing followed by a reactor that is equipped with UV light (200 to 450 nm). UV light is use to cleave the O-O bond in hydrogen peroxide and generate the hydroxyl radical.
Consist of following parts
1. UV Lamp with Cylinder
2. Cylindrical cell or Reaction Vessel
3. Power supply
4. Magnetic Stirrer
5. Inlet and Outlet for Waste water and Solutions.
6. Agitation if required.
7. Thermometer.
Formation of hydroxyl radical also occurs by the following reactions.
H2O2+ UV → OH• + OH•

Fe3+ + H2O + UV → OH• + Fe2+ + H+
 (
Power supply
To UV Lamp
)
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               Fig 1.1 Schematic Diagram of Photo Fenton Process
This process is combination of Fenton process and UV light could be an interesting allied in decolorization due to its capacity to influence the direct formation of •OH radicals. Pollutant degradation could be increased by irradiation of Fenton with UV light (photo-Fenton process). In this process UV light leads not only to the formation of additional hydroxyl radicals but also to recycling of ferrous catalyst by reduction of Fe3+. 

Concentration of Fe2+ is increased and the overall reaction is accelerated. The oxidation using Fenton ‘s reagent and photo-Fenton ‘s reagent has been found to be a promising and attractive treatment method for the effective decolorization and degradation of dyes. The removal rate is strongly dependent on the initial concentration of the Fe2+ and H2O2.

The major factors affecting on Photo Fenton Process
1. Initial concentration of the target compound.
2. Amount of H2O2 used
3. Amount of Fe salts (Fe2+) used
4. Wastewater pH.
5. Presence of bicarbonate. 
6. Reaction time.
7. UV light.
Reaction Mechanism
H2O2+ UV → OH• + OH•

Fe3+ + H2O + UV → OH• + Fe2+ + H+

Photo Fenton process which is combination of Fenton process and UV light could be an interesting allied in dye decolorization due to its capacity to influence the direct formation of •OH radicals. As increase in irradiation of Fenton with UV light (photo-Fenton process) pollutant degradation could be increase. In photo-Fenton process UV light leads not only to the formation of additional hydroxyl radicals but also to recycling of ferrous catalyst by reduction of Fe3+. As the Fe2+ concentration increased and the overall reaction is accelerated. Photo Fenton treatment method for the effective decolorization and cod reduction. Pollutant degradation or removal rate is strongly dependent on the initial concentration of the dye, Fe2+ and H2O2
Source of UV 
1. UV-A light 
Wavelength of UV-A is between 315 and 400 nm. Fenton and photo Fenton-like reactions in the presence of Fe2+, Fe3+, Cu2+ and mixtures of Fe2+/Cu2+ and Fe3+/Cu2+ ions. The removal of COD, Color, TOC and EDTA degradation was efficient under irradiation. 
 2. UV-C light 
Wavelength of this light which is called as UV-C between 100-280 nm. With use of this radiation source in the photo-Fenton process by some studies that show very promising results. UV-C light used in photo-Fenton oxidation of methyl parathion. By the experimental analysis methyl parathion was quickly destroyed because of the ·OH generated from Fenton’s reaction and the UV-C irradiation. In photo-Fenton process presence of UV-C light gives a faster oxidation as a result of the higher quantum yields. 
3. Sunlight 
By using radiation of sunlight for the treatment of wastewater has drawn a lot of attention. Solar photo-Fenton were performed to achieve degradation of alachlor. 
Parts of the solar pilot-plant 
1. Reservoir tank 
2. Recirculation pump 
3. Compound parabolic collectors 
4. Connecting tubing. 
1.4.3 Photo-Catalytic Process with Titanium Dioxide (TiO2/UV)
The TiO2 catalysts were subjected to the photon energy will experience the excitation of electrons to form pairs of electrons and holes. The electrons react with O2 molecules on the surface of TiO2 to form superoxide anion radical (O2•). The anions will react with the adsorbed water molecules (H2O) to produce hydroxide ions. Then the hydroxide ions (OH-) will react with a hole to form OH• which is a strong oxidizing agent. higher color degradation obtained by irradiating using UV rays than the sun. Wavelength (between 310-2300 nm) is longer than UV light wavelength (200-380 nm).
The mechanism of photocatalytic TiO2 as follows: 
TiO2 + hv → TiO2 (h+ + e-) (1) 
(H2O ↔ H+ + OH-) + h + → H+ + OH x (2) 
H2O + h+ → OH x + H+ 
OH- + h+ → OH x 
O2 + e- → O2 – x
1.5 Environmental Hazards of Distillery Wastewater 
1.Waste water from distillery has very high BOD and COD. 
2. High BOD/COD ratio. 
3. Large amount of inorganic substances (Nitrogen, Potassium, Phosphates, Calcium) 
4. Spent wash disposal in environment is hazardous and has high pollution potential. 
5. Distillery effluent toxic effect on common guppy.
6. It also impact of distillery effluent on carbohydrate metabolism of fresh water fish.
7. Distillery effluent disposed on land is equally hazardous to the vegetation.  
8. Spent wash also inhibit seed germination, cause soil manganese deficiency
9. Distillery effluent caused damage agricultural crops.


Chapter No. 02
LITERATURE REVIEWS
2.1 Selected Method 
2.1.1. Sunlight Method
Photocatalytic Oxidation and Reduction with ZnO or TiO2 in presence of sunlight
[bookmark: _Hlk101848711]Photocatalyst system is selected as an attractive choice in organic effluent treatment due to its properties. This process has been widely investigated as a promising technology for the efficient wastewater treatment since the photocatalyst is an environmentally friendly process and has considerable advantages such as the ability to destroy pollutants without the exertion of potentially hazardous oxidants. This process can be conducted under room conditions and organic pollutants can be completely decomposed into CO2 and H2O. 
[bookmark: _Hlk101848778]Photocatalysis is a photo-induced process on the semiconductor surface by photons. This process begins with photo-excitation that can transfer electrons from the valence band to the empty conduction band. The electron-hole pairs will react to form hydroxyl radicals that hold the main role in destructive of organic dye and pharmaceutical drugs. 
[image: ]Fig. Oxidation Reduction ZnO/TiO2
[bookmark: _Hlk101849059]Photocatalysts (TiO2/ZnO) + hν→ e- + h+ 
h + + H2O→ H+ + OH•  
h + + OH- → OH• (3) 
e - + O2→O2 - (4) 
2e- + O2 + 2H+ → H2O2 (5) 
e - + H2O2 → OH• + OH- (6) 
Organic + •OH + O2 → CO2 + H2O + other degradation productions
The color, COD and organic compounds removal by determining its absorbance at λmax of dyes using UV-visible spectrophotometer 100 mg of ZnO or TiO2 added into the cylindrical vessel containing wastewater and to stir in darkness for 30 minutes to reach adsorption equilibrium between the wastewater and the photocatalyst. 
After 30 minutes wastewater with nanoparticles placed under the exposure of solar light irradiation. Following reaction mechanism are take place. Range of visible solar radiation is 400-700 nm on earth which can be used for color COD, organic compounds removal from wastewater in presence of catalyst like ZnO or TiO2.
Advantages of Photocatalysis 
1. Cost effective 
2. No sludge formation like other methods such as adoption, coagulation, flocculation. 
3. This method does not generate any other secondary pollutant.
4. Very small quantity of photocatalyst is required for the treatment 
5. The selected catalyst possess no toxicity to human health. 
6. Wide application especially to molecular structured complex contaminants 
7. Low capital investment. 
8. Environmentally appealing. 
9. Energy self-sufficient process under UV and solar radiation photocatalysis. 


2.1.2 UV Light Method
1. Photocatalytic Oxidation with UV/H2O2 
This process includes H2O2 injection and mixing followed by a reactor that is equipped with UV light (200 to 280 nm). During this process, ultraviolet radiation is used to cleave the O-O bond in hydrogen peroxide and generate the hydroxyl radical. The reactions describing UV/H2O2 process are presented below:
H2O2+ uν→ 2 HO• 

H2O2 + HO•→ ΗΟ2• + Η2Ο 

H2O2 + ΗΟ2•→ HO• + Η2Ο + Ο2

2HO•→ H2O2
2 ΗΟ2•→ H2O2 + Ο2
	
HO• + ΗΟ2•→ H2O + Ο2

2. Photo-Catalytic Process with Titanium Dioxide (TiO2/UV)
The TiO2 catalysts were subjected to the photon energy will experience the excitation of electrons to form pairs of electrons and holes. The electrons react with O2 molecules on the surface of TiO2 to form superoxide anion radical (O2•). The anions will react with the adsorbed water molecules (H2O) to produce hydroxide ions. Then the hydroxide ions (OH-) will react with a hole to form OH• which is a strong oxidizing agent. higher color degradation obtained by irradiating using UV rays than the sun. Wavelength (between 310-2300 nm) is longer than UV light wavelength (200-380 nm).
The mechanism of photocatalytic TiO2 as follows: 
TiO2 + hv → TiO2 (h+ + e-) (1) 
(H2O ↔ H+ + OH-) + h + → H+ + OH x (2) 
H2O + h+ → OH x + H+ 
OH- + h+ → OH x 
O2 + e- → O2 – x

2.2 Past Publications 
In 2006, studied by, Arun Kumar, Devendra P. Saroj, Distillery spent-wash has very high organic content (75000 to 125000 mg/L chemical oxygen demand (COD) and dark brown color. Treatment of distillery spent-wash using the best commercially available technology involving anaerobic biodegradation followed by aerobic degradation produces effluent with unacceptably high COD and color. Discharge of treated distillery effluent may be harmful to flora and fauna in receiving water bodies and problems for water treatment plants situated downstream of distillery effluent discharge point. [1]

In 2015, Abdul Basit Mohamad Abeish, Solar photocatalytic degradation employed in this research was performed using iron ions and hydrogen peroxide (H2O2). TiO2 can effectively increase the degradation efficiency of organic pollutants under solar irradiation. Different advanced oxidation processes conducted including Solar/TiO2/Fe2+, Solar/TiO2/Fe3+, Solar/Fe3+/H2O2 and Solar/TiO2/Fe3+/H2O2. Among these degradation methods Solar/TiO2/Fe3+/H2O2 shows the highest degradation efficiency for the main pollutants and their intermediates. Maximum COD degradation efficiency 77 % achieved at the following optimum conditions: pH = 5, TiO2 = 7 mg/L, Fe2+=15 mg/L, light intensity = 1000 m W/cm2 and solar irradiation time = 240 min. [2]

In 2013, A. Vimala Ebenezer, P. Arulazhagan, J. Rajesh Banu and S. Adish Kum Treatment of distillery spent wash by ozonation followed by aerobic treatment in a sequential batch reactor. Ozonation carried out in different stages by varying flow rate, contact time, addition of H2O2 and addition of Fenton's reagent. Ozonation at flow rate of 0.015 m 3 /min and contact time of 1 h followed by reaction with Fenton's reagent for 1 h achieved 81% and 75% removal of color and COD. Removal efficiency of color and COD at overall 90% and 88 % respectively. Treatment of distillery spent wash with aerobic sequential batch reactor alone achieved only 13% COD removal. [3]

In 2017, Studied by Asaithambi P., Baharak Sajjadi and Abdul Raman Abdul Aziz, the color and COD removals of distillery industrial effluent using the UV/H2O2, H2O2/Fe2+, UV/H2O2/Fe2+ processes together with associated electrical energy per order investigated successfully. [4]
In 2017, Studied by Asaithambi P., Baharak Sajjadi and Abdul Raman Abdul Aziz, The color removal 70.75%, 52%, 100% and COD removals 62.75%, 49%, 95% for the UV/H2O2, H2O2/Fe2+, UV/H2O2/Fe2+ resp. The optimum pH for removal of pollutants by using the Fenton and photo–Fenton processes is between 2 and 4.5. The color and COD removals increased from 88.90% to 100% and from 80.76% to 95.45% with increasing effluent pH from 2 to 7. Influence of UV on color and COD removals of distillery industrial effluent investigated by using two different UV powers 8 and 16 W. Color and COD removals increased from 95% to 100% and from 90% to 100% within 3 h when the UV powers were 8 and 16 W respectively. [4]

In 2015, studied by Asaithambi P., R. Saravanathamizhan, For UV/H2O2 process, the concentration of H2O2 increases from 35 to 100 mM, the decolorization and COD removal increased from 46.9 to 90 % and 34.8 to 83.3 %, respectively. pH increases from 1 to 7 percentage color and COD removal increased from 48.78 to 96.43 % and 42.3 to 91.59 %, respectively. Increasing pH from 7 to 11 color and COD removal percentage decreased from 96.43 to 90.5 % and 91.59 to 80.76 %, respectively. [5]

In 2015, studied by Asaithambi P., R. Saravanathamizhan, for photo Fenton UV/H2O2/Fe2+ process, the color and COD removal increases with increase in Fe2+ concentration from 0.06 to 0.25 mM. This is due to the fact that Fe2+ acts as a catalyst in the Fenton process. But by further increasing the concentration of Fe2+ above 0.25 mM, the percentage color and COD removal decreases. The decolorization and COD removal for these conditions is more than 90%. [5]

In 2015, A. P. Rollon and Dionisio M. G., Molasses-based ethanol distillery plants generate large volume of wastewater containing high levels of organic matter and color. The feasibility of using advanced oxidation processes (AOPs) ultraviolet light- hydrogen peroxide (UV/H2O2) and hydrogen peroxide ozonation (H2O2/O3) to treat distillery wastewater from molasses-based alcohol fermentation. Efficiency of the AOPs in degradation of COD and color at varying pH, H2O2 dosage and initial wastewater concentration was investigated at constant ozone supply of 606 mg for two hours of experiment. COD and color removal highest at 1,000 mg/L hydrogen peroxide. [6]
In 2020, Studied by Dr. R. W. Gaikwad and Mrs. Jagdevi K. Gutthe, AOP involving hydroxyl radicals which is one of the strongest inorganic oxidants extremely effective in the destruction of organic pollutants. Advanced oxidation process (AOP) generally uses a combination of oxidation agents (such as H2O2 or O3), irradiation (such as UV or ultrasound), catalysts (such as metal ions or photo catalysts) and radiolysis as a means to generate hydroxyl radicals. [7]

Hydroxyl radicals can be generated by different oxidation processes, such as ozone (O3), ultraviolet (UV), Hydrogen peroxide combined with ultraviolet radiation (H2O2/UV), Fenton reagent (Fe2+/H2O2), photo- Fenton process UV + Fe II + H2O2 and heterogeneous photo catalysis using semiconductors such as zinc oxide (ZnO) but mainly titanium dioxide (TiO2) - TiO2/UV and (H2O2/UV) process Ultrasonic technology as an innovative technology used for water and wastewater treatment for pollution removal. [7]

In 2015, Studied by Dionisio M.G.G. and Rollon A.P., Molasses-based ethanol distillery plants generate large volume of wastewater containing high levels of organic matter and refractory color. The feasibility of using advanced oxidation processes (AOPs), namely ultraviolet light – ozonation process (UV/O3), ultra violet light hydrogen peroxide (H2O2/UV) and hydrogen peroxide ozonation (H2O2/O3) to treat distillery wastewater from molasses-based alcohol fermentation and distillation system. The AOPs in the degradation of COD and color at varying pH, H2O2 dosage and initial wastewater concentration was investigated at constant ozone supply of 606 mg for two hours of experimental batch run. COD and color removal highest at 1,000 mg/L hydrogen peroxide, the highest applied dose in the experiment. [8]

H2O2/O3 and H2O2/UV, COD removal is fastest at pH 4.6. UV/O3 process is enhanced by operation at alkaline pH (10). H2O2/O3 process is the most effective AOP removed 91% color and 60% COD (initial COD level of 1,000 mg/L). It also removed 32%, 27%, and 35% TKN, NH4-N and DON, respectively. COD removal in all AOPs tested follow second order reaction rate equation while the color removal rate is first-order. Highest COD removal rate constant and color removal rate constant were in the H2O2/O3 process at the highest oxidant concentration used (COD/H2O2 ratio of 1. [8]
In 2019, Studied by Ei Thiri Khaing and Mie Han Htun, removal of chemical oxygen demand COD, total suspended solids TSS, total dissolved solids TDS and color of distillery wastewater using photo-catalytic process with TiO2. Photocatalytic degradation on distillery wastewater using the UV-TiO2 process investigated in a laboratory scale. The effect of the catalyst studied using various amounts of TiO2 (0.1 to 0.5 g/L) and effect of contact time (30 to 180 min) with the different UV power. [9]

At amount of 0.1 g/L TiO2 and 0.2 g/L TiO2 dosage, COD removal 94 % with minimum contact time 110 min in 20 W UV power. For 0.3 g/L TiO2 dosage, COD removal 95% with minimum contact time 100 min in 30 W UV power. For 0.4 g/L TiO2 dosage, and 0.5 g/L TiO2 dosage, COD removal 95% L with minimum contact time 80 min in 30 W UV power. By the usage of TiO2 dosage (0.1 to 0.5) g/L, the COD values of treated water effluents were reduced to standard emission guideline 250 mg/L. [9]

The condition with UV power 20 W with TiO2 dosage at the contact time of 110 min was the optimum. In the use of processing time, the condition with UV power 30 W with the 0.4 g/L of TiO2 dosage at the contact time of 80 min was the optimum. [9]

In H2O2/O3 and UV/H2O2, COD removal is fastest at pH 4.6. UV/O3 process is enhanced by operation at alkaline pH (10). H2O2/O3 process is the most effective AOP. It removed 91% color and 60% COD and Color removal is best at the natural pH (4.6~4.9) for all AOP. The highest COD removal rate constant and color removal rate constant were in the H2O2/O3 process at the highest oxidant concentration used. [11].




Chapter No. 03
MATERIAL AND METHODOLOGY
3.1 Characteristics of Distillery Waste Water
[bookmark: _Hlk6842647]	Effluent coming out from industry has gone tremendous change in their physical and chemical characteristics. Physical and chemical characteristics of the effluent will vary and which ultimately decides the impact of that effluent to the environment when it is released in to the stream if not treated properly.  
	Parameter
	Value

	pH
	4 - 5

	Color 
	Reddish Brown

	Total Dissolved Solids (TDS)

	40000-90000 mg/l

	Chemical Oxygen Demand (COD)
	80000 -125000 mg/l

	BOD
	30000- 45000 mg/l
 


Table 3.1 Characteristics of Distillery Waste Water
[bookmark: _Hlk5869918]Table no. 3.1 shows the range of distillery wastewater containing very high COD and color impurities. The characteristics of distillery wastewater got from wed search. The range of parameters are change according to the wastewater of various distillery processes and operations carried out. Experiment carried out in the batch wise in the agitated glass vessel batchwise in laboratory based. According to distillery wastewater characteristics contains high cod and color so we select these parameters.  
3.2 Materials 
[bookmark: _Hlk5870009]3.2.1 Hydrogen Peroxide (H2O2)
This is the strong oxidant and its application in the treatment of various inorganic and organic pollutants is well established. H2O2 consist of two hydrogen molecules and two oxygen molecules.

Hydrogen Peroxide (H2O2) Molecules
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3.2.2 Acid or Alkali
H2SO4 acid or NaOH alkali to be used for Ph maintain of waste water. The optimum Value of pH necessary for the Fenton process.
3.2.3 UV or Solar Light 
UV light is the oxidizing agent used for the process.  400-450 nm after that rate of degradation reduced. Value of UV intensity should be λ< 450 nm. Solar light can be use for the photocatalytic oxidation.
3.2.4 Titanium Dioxide (TiO2)

This is the strong oxidant and its application in the treatment of various inorganic and organic pollutants is well established.
3.2.5 Zinc Oxide (ZnO)
This is the strong oxidant and its application in the treatment of various inorganic and organic pollutants is well established.
[bookmark: _Hlk5870149]3.3 Experimental Setup 
3.3.1 For Photocatalytic Oxidation Process with UV Light
Photocatalytic reactor shows by schematic diagram consist of following parts. The reactor can be used for various processes like ZnO/UV, TiO2/UV and H2O2/UV. This process carried out in glass reactor. 
Parts Of Photocatalytic Reactor
1. UV Lamp Cylinder
2. UV Lamp
3. Cylindrical cell or Reaction Vessel
4. Power supply
5. Magnetic Stirrer
6. Inlet and Outlet for Waste water and Solutions.
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Fig. 3.1 Photocatalytic Reactor for UV Photocatalysis


3.3.2 Photocatalytic Oxidation Process with Solar Light
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Fig. 3.2 Photocatalytic Reactor for Solar Light Photocatalysis
Photocatalytic reactor shows by schematic diagram consist of following parts. The reactor can be used for various processes like ZnO/ Solar Light, TiO2/Solar Light, and H2O2/ Solar Light. 
Parts Of Photocatalytic Reactor
1. Inlet for dyes waste water and Solutions
2. Cylindrical cell or Reaction Vessel
3. Solar light.
4. Outlet
5. Magnetic Stirrer


Chapter No. 04
Experimental Analysis
4.1 Experimental Process for Photocatalysis with UV Light 
1. Take 1-2 L known distillery wastewater in reactor and stirred for mixing.
2. Measure the COD, pH, color unit for distillery wastewater.
3. Add catalyst in reactor like TiO2, ZnO or H2O2 salt/solution.
4. Start the UV light by supply Ac current.
5. For various time of interval 30-, 60-, 90,120- and 150-min withdrawal of sample.
6. Check concentration unit for various sample wastewater help of colorimeter.
7. Calculate % reduction of COD, color and pH etc. by comparing initial and final values of various parameters of wastewater.
8. Follow the same procedure for various photocatalytic oxidation process like TiO2/UV, ZnO/UV and H2O2/UV.
9. Calculated the % reduction COD, color and pH etc.  using various photocatalytic oxidation process like TiO2/UV, ZnO/UV and H2O2/UV.
10. Compare results of various process like TiO2/UV, ZnO/UV and H2O2/UV.
11. Select the best process for distillery wastewater treatment by experimental analysis.
4.2  Experimental Process for Photocatalysis with Solar Light 
1. Take 1-2 L known distillery wastewater in reactor and stirred for mixing.
2.Measure the COD, pH, color unit for distillery wastewater.
3.Add catalyst in reactor like TiO2, ZnO or H2O2 salt/solution 
4. Keep the reactor/reaction vessel in solar light.
5.For various time of interval 30-, 60-, 90,120- and 150-min withdrawal of sample.
6.Check concentration unit for various sample wastewater help of colorimeter.
7. Calculate % reduction of COD, color and pH etc. by comparing initial and final values of various parameters of wastewater.
8. Follow the same procedure for different various photocatalytic oxidation process like TiO2/Solar light, ZnO/ Solar light.                                                     
9. Calculated the % reduction of % reduction of COD, color and pH using various 

4.3  Reaction Mechanism for Various Processes 
4.3.1 Photo-Catalytic Process with Titanium Dioxide (TiO2/UV)
The TiO2 catalysts were subjected to the photon energy will experience the excitation of electrons to form pairs of electrons and holes. The electrons react with O2 molecules on the surface of TiO2 to form superoxide anion radical (O2•). The anions will react with the adsorbed water molecules (H2O) to produce hydroxide ions. Then the hydroxide ions (OH-) will react with a hole to form OH• which is a strong oxidizing agent. higher color degradation obtained by irradiating using UV rays than the sun. Wavelength (between 310-2300 nm) is longer than UV light wavelength (200-380 nm).
The mechanism of photocatalytic TiO2 as follows: 
TiO2 + hv → TiO2 (h+ + e-) (1) 
(H2O ↔ H+ + OH-) + h + → H+ + OH x (2) 
H2O + h+ → OH x + H+ 
OH- + h+ → OH x 
O2 + e- → O2 – x
4.3.2 Photocatalytic Oxidation with Fe2+/UV/H2O2 
Formation of hydroxyl radical also occurs by the following reactions.

H2O2+ UV → OH• + OH•

Fe3+ + H2O + UV → OH• + Fe2+ + H+

This process is combination of Fenton process and UV light could be an interesting allied in dye decolorization due to its capacity to influence the direct formation of •OH radicals. Pollutant degradation could be increased by irradiation of Fenton with UV light (photo-Fenton process). 

In this process UV light leads not only to the formation of additional hydroxyl radicals but also to recycling of ferrous catalyst by reduction of Fe3+. Concentration of Fe2+ is increased and the overall reaction is accelerated. 

The oxidation using Fenton ‘s reagent and photo-Fenton ‘s reagent has been found to be a promising and attractive treatment method for the effective decolorization and degradation of wastewater. The removal rate is strongly dependent on the initial concentration of the wastewater, Fe2+ and H2O2.
The photo-Fenton process can be divided into the following stages 
1. Fenton Reaction in which ferrous ions are oxidized to ferric ions in acidic solution.

Fe2+ + H2O2 → Fe3+ + OH− + OH• 

2. The ferric ions, represented by the complex Fe (OH)2+, is reduced back to Fe2+ by UV-visible irradiation.
Fe (OH) 2+ + hν → Fe2+ + OH• (λ < 450 nm)
3. The ferric species can also form complexes with the initial organic compounds      and/or degradation products, leading to photo-reduction back to Fe2+. 
Fe (RCO2)2+ + hν → Fe2+ + R• + CO2 (λ < 500 nm) 
4. The OH• species formed will then attack the organic substrates present in the wastewater. 
Fe2+ + OH• → Fe3+ + OH− 

H2O2 + OH• → HO2• + H2O



Chapter No. 05
RESULTS AND DISCUSSION
[bookmark: _Hlk5870895][bookmark: _Hlk5870310][bookmark: _Hlk10563212]5.1 Effect of pH on COD for DWW with UV/H2O2 and UV/TiO2
	pH
	% Reduction COD with UV/H2O2 
	% Reduction COD with UV/TiO2

	2
	42
	45

	2.5
	57
	60

	3.5
	72
	75

	4
	78
	85

	5.5
	74
	80

	6.5
	70
	75

	7.5
	68
	70


Table 5.1 Effect of pH on % COD Reduction with UV/H2O2 and UV/TiO2 
Table no. 5.1 shows effect of pH on % COD Reduction on DWW comparing as Photocatalytic oxidation with UV/H2O2 and UV/TiO2. As value of pH increase from 2 - 4 % Reduction COD increase beyond 4 pH value of % reduction of COD decrease. The maximum reduction using UV/H2O2 and UV/TiO2 at 4 pH are 78 and 85%. 
5.2 Effect of pH on Color for DWW with UV/H2O2 and UV/TiO2
Table 5.2 shows the Effect of pH on % Color Reduction on distillery waste comparing as Photocatalytic oxidation with UV/H2O2 and UV/TiO2. As value of pH increase from 2 – 4 the % Reduction Color increase beyond the 4 the value of % reduction of COD decrease. The maximum reduction of color using UV/H2O2 and UV/TiO2 at 4 pH are 80 and 88%.

	pH
	% Reduction Color with UV/H2O2 
	% Reduction Color with UV/TiO2

	2
	40

	48

	2.5
	55

	63

	3.5
	72
	78


	4
	80
	88


	5.5
	76
	84


	6.5
	70
	78


	7.5
	62
	68



Table 5.2 Effect of pH on % Color Reduction with UV/H2O2 and UV/TiO2
[bookmark: _Hlk7528979]5.3 Effect of Reaction Time COD for DWW with UV/H2O2 & UV/TiO2
	Reaction time 
	% Reduction COD with UV/H2O2 
	% Reduction COD with UV/TiO2


	15
	30
	35


	30
	40
	45

	45
	54
	58

	60
	68
	72

	75
	72
	79

	90
	80
	88

	120
	80
	88


Table 5.3 Effect of Reaction Time on COD with UV/H2O2 and UV/TiO2
Table 5.3 shows the Effect of Reaction Time on % COD Reduction on distillery waste comparing as Photocatalytic oxidation with UV/H2O2 and UV/TiO2. As Reaction Time increase % Reduction COD increase up to 120 min. The optimum value for 90 min for both processes. The maximum reduction of color using UV/H2O2 and UV/TiO2 at 4 pH are 80 and 88% for 90 min of contact time. 
[bookmark: _Hlk7528596]5.4 Effect of Time on % Color Reduction for DWW with UV/H2O2 and Fe2+/UV/H2O2
	Reaction time 
	% Reduction Color with UV/H2O2 
	% Reduction Color with UV/TiO2

	15
	28
	32


	30
	36
	38

	45
	52
	56

	60
	64
	70

	75
	68
	76

	90
	76
	86

	120
	76
	86


Table 5.4 Effect of Reaction Time on % Color Reduction with UV/H2O2 and UV/TiO2	
Table 5.4 shows the Effect of Reaction Time on % Color Reduction on distillery waste comparing as Photocatalytic oxidation with UV/H2O2 and UV/TiO2. As Reaction Time increase % Reduction Color increase up to 120 min. The optimum value for 90 min for both processes. After contact time 90-120 min there is no change in reduction of color. The maximum reduction of color using UV/H2O2 and UV/TiO2 at 4 pH are 76 and 86 % for 90 min of contact time. 


[bookmark: _Hlk103941403]5.5 Effect of Various Parameters on Photo Catalytic Oxidation Process 
5.5.1. Effect of pH value
Reaction to be conducted under the conditions of reaction time 60 minutes, H2O2/FeSO4 (Fe salt) =1:1 and different pH values results found that low pH has effective for Fenton’s reagent, and the best removal efficiency is obtained at a pH =4.  At the lower value of pH is better to remove inorganic carbons from waste water as they can scavenge hydroxyl radicals. As the value of higher pH COD is increasing, the decomposition rate decreases. At high pH formation of Fe (II) complexes with the buffer occurs inhibiting the formation of free radicals Precipitation of ferric oxy hydroxides inhibits the generation of ferrous ions and the oxidation potential of hydroxyl radical is known to decrease with increase in pH.
5.5.2. Effect of Reaction Time
Reaction time is the important factor for treatment process by Fenton. As per experimental studies optimum reaction time is 90 minutes demonstrated that the COD decreased gradually to 90 minutes reaction time and then increased. Ferrous iron and hydrogen peroxide with the production of hydroxyl radical was almost complete in 90 minutes.
5.5.3. Effect of Fe2+and H2O2 Addition
For this AOP process iron and hydrogen peroxide are two major chemicals determining operation costs as well as efficiency and the dosage of H2O2 depends on initial COD. If COD is higher the requires more H2O2 and if COD lower than the less H2O2 required. As per experimental study optimum amount of H2O2 obtained is 600-900 mg/l of waste water treated. As value or amount of H2O2 contributes to residual H2O2 leading to increase in COD. 
5.5.4. Effect of Fe2+ on COD Removal
Usually, the rate of degradation increases with an increase in the concentration of ferrous iron but an enormous increase of ferrous iron leads to an increase in the unutilized quantity of ferrous irons, which will contribute to an increase in the TDS content of the effluent stream. As per experimental study optimum amount of Fe2+ obtained is 600-900 mg/l of waste water treated.
5.5.5. Temperature Effect
The value of temperature increases rate of degradation also increase at specific value of temperature after some value of temperature degradation stops. So, the optimum value of temperature is important. The degradation is better and faster at 60°C.
5.5.6. Effect of UV Light 
As intensity of UV light increase the rate of photolysis of H2O2 increase. Optimum value of UV 400-450 nm after that rate of degradation reduced. Value of UV intensity should be λ< 450 nm.
5.5.7 Effect of TiO2 Addition
For this AOP process TiO2 major chemicals determining operation costs as well as efficiency and the dosage of TiO2 depends on initial COD and color concentration. If COD is higher the requires more TiO2 and if COD lower than the less TiO2 required. As per experimental study optimum amount of TiO2 obtained is 0.5-1 gm/l of waste water treated. 





CONCLUSION
We study the effect of pH on % COD and Color Reduction from distillery waste comparing the various AOPs such as UV/H2O2 and UV/TiO2. As per observation we get the optimum value for pH 4 having very high efficiency of COD and decolorization of distillery waste water for all process which analyses by experimental observations. As per observation effect of Reaction Time on % COD and Color Reduction from distillery waste for processes UV/H2O2 and UV/TiO2.  As per observation we get the optimum value of time between 90-120 min for having very high efficiency of COD and decolorization of distillery waste water. 

The effect of pH on % COD Reduction on DWW comparing as Photocatalytic oxidation with UV/H2O2 and UV/TiO2. As value of pH increase from 2 - 4 % Reduction COD increase beyond 4 pH value of % reduction of COD decrease. The maximum reduction using UV/H2O2 and UV/TiO2 at 4 pH are 78 and 85%. The Effect of pH on % Color Reduction on distillery waste comparing as Photocatalytic oxidation with UV/H2O2 and UV/TiO2. As value of pH increase from 2 – 4 the % Reduction Color increase beyond the 4 the value of % reduction of COD decrease. 
The maximum reduction of color using UV/H2O2 and UV/TiO2 at 4 pH are 80 and 88%. The Effect of Reaction Time on % Color Reduction on distillery waste comparing as Photocatalytic oxidation with UV/H2O2 and UV/TiO2. As Reaction Time increase % Reduction Color increase up to 120 min. The optimum value for 90 min for both processes. After contact time 90-120 min there is no change in reduction of color.
For this AOP process TiO2 major chemicals determining operation costs as well as efficiency and the dosage of TiO2 depends on initial COD and color concentration. If COD is higher the requires more TiO2 and if COD lower than the less TiO2 required. As per experimental study optimum amount of TiO2 obtained is 0.5-1 gm/l of waste water treated. 



FUTURE SCOPE AND BENEFITS
Future Scope 
•AOPs can be adopted to treat waste water. 
• AOPs improve the efficiency of conventional method. 
• AOPs can be used as an additional treatment to treat waste water. 
• This process can make waste water for reusable as process water by removal of COD and Color from waste water. 
• Destroys and removes bacteria, viruses and cysts. 
Benefits
• Capital cost significantly less than conservative technologies. 
• Operating cost significantly less than conservative technologies. 
• Low power requirements. 
• Low maintenance. 
• Minimal operator attention. 
• Consistent and reliable results.


GUIDELINES AND ACTS OF POLLUTION CONTROL BOARD FOR DISTILLERT WASTEWATER
MPCB
Maharashtra Pollution Control Board was established on 7th September, 1970 under the provisions of Maharashtra Prevention of Water Pollution Act, 1969. The Water (P&CP) Act, 1974, a central legislation was adopted by Maharashtra on 01.06.1981 and accordingly Maharashtra Pollution Control Board was formed under the provision of section 4 of Water (P&CP) Act, 1974. 
The Air (P&CP) Act 1981 was accepted by the State in 1983. Initially, some areas were declared as Air Pollution Control Area i.e., on 02/05/1983. The entire state of Maharashtra has been declared as Air Pollution Control Area since 06/11/1996. The Board is also functioning as the State Board under section 5 of the Air (P&CP) Act, 1981.
Functions 
1. To plan a comprehensive program for the prevention, control or abatement of pollution of streams and wells in the State and to secure the execution. 
2. To advise the State Government on any matter concerning the prevention, control or abatement of water pollution.
3. To collect and disseminate information relating to water pollution and the prevention, control or abatement.
4. To encourage, conduct and participate in investigations and research relating to problems of water pollution and prevention, control or abatement of water pollution 
5. To collaborate with the Central Board in organizing the training of persons engaged in programs relating to prevention, control or abatement of water pollution and to organize mass education programs.
6. To inspect sewage or trade effluents, works and plants for the treatment of sewage and trade effluents and to review plans, specifications or other data relating to plants set up for the treatment of water, works for the purification thereof and the system for the disposal of sewage or trade effluents or in connection with the grant of any consent as required by this Act.
7. Lay down, modify or annual effluent standards for the sewage and trade effluents and for the quality of receiving waters (not being water in an interstate stream) resulting from the discharge of effluents and to classify waters of the State.
8. To evolve economical and reliable methods of treatment of sewage and trade effluents, having regard to the peculiar conditions of soils, climate and water resources of different regions and more especially the prevailing flow characteristics of water in streams and wells which render it impossible to attain even the minimum degree of dilution.
The Water (Prevention and Control of Pollution) Act, 1974 
An Act to provide for the prevention and control of water pollution and the maintaining or restoring of wholesomeness of water, for the establishment, with a view to carrying out the purposes aforesaid, of Boards for the prevention and control of water pollution, for conferring on and assigning to such Boards powers and functions relating thereto and for matters connected therewith.
1. As per your application, you have proposed to provide the Effluent Treatment Plant (ETP) comprising primary, secondary & tertiary treatment with the design capacity of 200 CMD followed by RO & MEE. 
2. The Applicant shall operate the effluent treatment plant (ETP) to treat the trade effluent so as to achieve the following standards/ prescribed under EP Act, 1986 and Rules made there under from time to time, whichever is stringent.
3. The treated trade effluent shall be recycled within the process to achieve zero liquid discharge. There shall not be any discharge on land gardening/ outside the factory premises/ CETP.
4. As per your consent application, you have provided the septic tank followed by soak pit for the treatment of sewage. Overflow, if any shall be applied on land for gardening purpose within premise. 
5. The Applicant shall operate the sewage treatment system to treat the sewage so as to achieve the following standards/ prescribed under EP Act, 1986 and Rules made there under from time to time, whichever is stringent. 
(1) Suspended Solids. Not to exceed 100 mg/1. 
(2) BOD3days27°C. Not to exceed 100 mg/1.
Wastewater Limit by MPCB/CPCB
	Sr. No.
	Wastewater Characteristics 
	Concentration in the effluents not to exceed milligrams per liter

	01
	pH
	5-5.9

	02
	Color & Odor 
	All efforts should be made to remove color and unpleasant odor.

	03
	Suspended Solids 
	100

	04
	[BOD (3 days at 27oC)]
	30 (disposal into inland surface waters or river/ streams)

	05
	[BOD (3 days at 27oC)]
	100 (disposal on land or for irrigation)

	06
	Total Dissolved Solids
	2100

	07
	Suspended Solids
	100

	08
	COD
	250

	09
	Chloride 
	600

	10
	Sulphate
	1000

	11
	Oil & Grease
	10
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