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ABSTRACT 

In the last few decades, environmental problems have become one of the major 

issues all over the world. Particularly the water pollution due to effluent generate 

form different sources has been the major focus of attention all over the world. A 

major development in this scenario is the shift of emphasis from treatment and 

disposal to the concept of reduction of effluent generation and reuse of treated 

wastewater. 

Problems associated with wastewater reuse are linked with qualitative and 

quantitative requirements of particular application & may include the removal of 

suspended and dissolved solids (both organic & inorganic) substances, nutrients 

and toxic compounds. Conventional primary and secondary treatment processes 

remove substantial amount of these components. However, in most cases the 

degree of removal is not sufficient for its reuse. In such cases tertiary treatment 

using advanced wastewater treatment facilities becomes an integral part of the 

system. 

The wastewater treatment system for every industry throws a new challenge to 

the scientists/ engineers, because of the problem of its unique characteristic and 

specific end use requirement. In this regard distillery wastewater poses extreme 

problem due to high contaminant concentration of both organic and inorganic 

solutes, 
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Biological treatment processes like anaerobic and aerobic processes are not 

sufficient for highly polluted effluents like that released form distillery plant. 

Primarily it is because of the difficulty in oxidizing the residual organics after the 

biodegradation, which are quite refraction in nature. Several tertiary treatment 

processes such as Carbon adsorption, Advanced Chemical oxidation and 

Membrane filtration may be used either by itself or in combination of two or more 

to achieve the disposal and reuse criteria. 

Membrane filtration is a broad term used to describe the separation of various 

soluble components because of their molecular sizes and affinity towards 

membrane surfaces. This system is applicable in wastewater treatment to 

achieve high quality water free of most components dissolved or otherwise. 

There are several membrane separation systems available like micro-filtration; 

ultra-filtration, reverse osmosis, electrodialysis & nanofiltration. The effluents with 

high level Organic/ Inorganic contamination may be treated with a combination of 

biological and membrane separation process to get reusable treated water. A 

suitable combination of the membrane separation processes along with the 

biological treatment systems for effluent with high pollutant levels such as the 

one discharged from distillery plant has the most potential for solving the 

complex problem. The presence of organic and inorganic solutes in distillery 

waste makes it imperative to use nanofiltration system for the membrane 

separation. 
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In this study aerobically treated distillery effluent has been processed through a 

nanofiltration set up consisting of spirally wound membrane module operating in 

the pressure range of 1-5 bar. The experiments were carried out at different inlet 

concentration of organics and inorganics, measured by COD and TDS 

respectively. The membrane was characterized by operating with distilled water 

and brine solution to determine pure water permeability and standard % NaCI 

separation. A theoretical model for the separation of solutes by nanofiltration has 

been developed to explain the separation system. 

Separation of COD and TDS represent two different systems. While COD 

represents the organic separation that of TDS indicates the separation of 

combined organic and inorganic solutes. 

Experiments were carried out in a specially fabricated nanofiltration membrane 

setup consisting of high-pressure pump, micron filter and membrane module. 

The nanofiltration membrane module used was supplied by hydranautics and is a 

spirally wounded composite membrane. The initial characteristics showed the 

membrane to exhibit high permeability and high salt rejection rate (>95%). 

Results of experiments with aerobically treated distillery effluent show that the 

percent separation of organic by nanofiltration represented by COD, it was quite 

high and was within the range of 90-98 %. In comparison the percent separation 



of total dissolved solids showed somewhat lesser extent of separation being in 

the range of 70-90 %. This indicates a separation, of inorganic solids to the 

extent of only 50-70%. The colour removal observed during the operation was in 

the range of 99-99.5% in all cases. 

Results of experiments with varying circulation rate of the feed, show that the 

permeate flow rate, % COO and % TDS removal increases with the increase in 

circulation rate. This was mostly due to the effect of concentration polarization 

caused by mass transfer resistance. 

Effect of pH variation on the membrane separation showed maximum permeate 

flow rate near the neutral pH range. This flow rate gets reduced as the pH range 

is changed to either acidic or alkaline. The reduction is more pronounced for 

alkaline range, 

The presence of inorganic and organic solutes makes the distillery waste system 

a complex one, the existing model by nanofiltration system are mostly based on 

either organic or inorganic. In this project a relatively more generalized model 

based on the combination of Kimura-Sourirajan Model for organic solids and 

Nernst-Plank model for the inorganic solutes has been developed. The model 

was applied to the experimental data observed. The predicted values were found 

in good agreement with the experimental data. 

vi 



CONTENTS 

Page. 
No. 

Certificate 

Acknowledgement 	 ii 

Abstract 	 iii 

Contents 	 Vii 

List of figures 	 xii 

List of tables 	 xvi 

Nomenclature 	 xvii 

Chapter 1 Introduction 

	

1.0 	Introduction 

	

1.1 	Global water availability and resource constraints 

	

1.2 	Waste water reuse applications 

	

1.3 	The problems with distillery waste treatment and disposal 

1 

1 
2 

4 

1.3.1 	Nature and quantum of problem 4 

1.3.2 	Methods of conventional treatments 6 

1.3.2.1 	Physical-chemical treatment methods 6 

1.3.2.2 	Biological treatment methods 7 

1.4 Limitations of the biological processes and need of 
treatment for distillery waste. 

iary 10 

1.5 Different membrane processes 14 

1.5.1 	Micro filtration (MF) 14 

1.5.2 	Ultra filtration (UF) 16 

1.5.3 	Reverse Osmosis (RO) 17 

1.5.4 	Nanofiltration 21 

1.6 Types of membrane materials 23 

1.6.1 	Cellulose acetate membrane 23 

vii 



1.6.2 
	

Polyamide membranes 
	 24 

1.6.3 
	

Composite membrane 
	 25 

1.6.4 
	

New membranes 
	 25 

	

1.7 	Membrane modules 
	 26 

1.7.1 
	

Flat membranes 
	 27 

1.7.2 
	

Tubular modules 
	 30 

1.7.3 
	

Hollow fiber modules 
	 30 

	

1.8 	Membrane fouling 	 33 

	

1.9 	Membrane cleaning 	 35 

1.9.1 	Cleaning solution 	 36 

	

1.10 	Objective of the present work 	 37 

Chapter 2 Literature review 

	

2.0 	Introduction 	 41 

	

2.1 	Nanofiltration 	 43 

	

2.2 	Application of nanofiltration in wastewater 	 46 

	

2.3 	Membrane structure 	 48 

	

2.4 	Composite membrane 	 50 

	

2.5 	Membrane material 	 51 

2.5.1 	Cellulose Acetate (CA) Based 	 51 
2.5.2 	Polyamide thin Film composite 	 51 

2.5.3 	Polyurea thin-film composites 	 52 

	

2.6 	Nanofiltration membrane material 	 53 

	

2.7 	Rejection mechanisms of NF membranes 	 56 
2.7.1 	Donnan exclusion 	 57 
2.7.2 	Dielectric exclusion 	 57 
2.7.3 	Hydration mechanism 	 58 

	

2.8 	Various successful applications of "NF" membranes 	60 
2.8.1 	Removal of dye compounds from 	 61 

viii 



colour baths used in the textile industry 

2.8.2 	Treatment of whey effluent from dairy 	62 
industries by nanofiltration membranes 

2.8.3 	Separation of amino acids by nanofiltration 	
63 

and ultrafiltration membranes 

	

2.9 	Membrane fouling 	 64 

2.9,1 	Common causes of fouling 	 65 

2.9.1.1 	Concentration polarization 	 65 

2.9.1.2 	Gel formation 	 66 

2.9.1.2(a) 	Compressible gel foulants 	 66 

2.9.1 .2(b) 	Noncompressible gel foulants 	 67 

2.9.1,3 	Precipitation 	 67 

2.9.1.4 	Plugging and colloidal fouling 	 68 

2.9.1,5 	Biological fouling 	 71 

2.9.1.6 	Membrane degradation 	 73 

2.9.2 	Prevention of fouling 	 75 

	

2.10 	Distillery waste treatment 
	 79 

2.10.1 	Anaerobic digestion followed by aerobic 	80 
treatment 

2,10.2 	Evaporation and incineration with recovery of 
	

81 
steam and potash 

2.10.3 	Composting 	 82 

	

2.11 	Future options 
	 84 

Chapter Experimental Section 

	

3.0 	Introduction 	
86 

	

3.1 	Experimental setup 	
87 

	

3.2 	Experimental procedure 	
91 



Chapter 4 Result and discussions 

	

4.0 	Introduction 	 99 

	

4.1 	Effect of pressure variation 	 102 

4.1.1 	Effect of pressure variation on permeate flow 	102 
rate & percent separation 

4.1.2 	Effect of pressure variation on % separation 	113 
of COD & TDS 

4.1.3 	Effect of pressure variation on % colour 	116 
removal 

	

4.2 	Effect of pressure variation on % removal of volatile and 	116 
nonvolatile dissolve solids 

	

4.3 	Effect of varying feed flow rate 	 120 

4.3.1 	Effect of varying feed flow rate on permeate 	121 
flow rate 

4.3.2 	Effect of varying feed flow rate on percent 	123 
removal of COD and TDS 

4.3.3 	Effect of varying feed flow rate on colour 	127 
removal 

	

4.4 	Effect of pH variation (1:3 diluted) 	 127 

4.4.1 	Effect of pH variation on permeate flow rate 	128 

4.4.2 	Effect of pH variation on % COD removal 	130 

4.4.3 	Effect of pH variation on % TDS removal 	130 

4.4.4 	Effect of pH variation on % colour removal 	132 

	

4.5 	Effect of pH variation on undiluted (1:0 dilution) distillery 	134 
waste 
4.5.1 	Effect of pH variation on permeate flow rate 	136 

4.5.2 	Effect of pH variation on % COD removal 	136 

4.5.3 	Effect of pH variation on % TDS removal 	139 

4.5.4 	Effect of pH variation on % colour removal 	139 

	

4.6 	Alternative tertiary treatment techniques for treatment of 	142 
distillery wastewater 
4.6.1 	Addition of lime 	 143 

4.6.2 	Addition of constant amount of feso4 + lime 	146 

4.6.3 	Effect of constant quantity of feso4+ alum + 	149 
lime 

4.6.4 	Effect of addition of varying quantity of feso4 	156 
+ alum + lime 



Chapter 5 Modelling of the nanofiltration separation process and 
experimental verification 

	

5.0 	Modeling of the nanofiltration membrane for organic and 	161 
inorganic removal from secondary treated distillery 
wastewater 

	

5.1 	Introduction 	 161 

	

5.2 	Models for single salt solutions 	 162 

	

5.3 	Model used for describing the rejection of inorganics. 	166 

	

5,4 	Model used for describing the rejection of organics 	169 

	

5.4.1 	Modified model proposed for describing the 	171 
rejection of organics. 

	

5.4,2 	Modified model 	 172 

	

5,5 	Model for describing the rejection of combined inorganics 	174 
and organics. 

	

5.6 	Observed and real rejections 	 180 

	

5.7 	Modeling results 	 180 

	

5.7.1 	Separation of organic components from 	180 
distillery waste 

	

5.7.2 	Separation of inorganic components from 	184 
distillery waste 

5.8 	Comparison of experimental values and theoretical model 	189 
predictions for the removal of TDS from distillery 
wastewater. 

Chapter 6 Conclusion 	
193 

Future scope of work 	 200 

References 	 201 

Appendix (A) 	 210 

Appendix (B) 	 215 

Appendix (C) 	 217 

Appendix (D) 	 222 

Appendix (E) 	 226 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13

