










C O N T E N T S 

List of Figures 

List of Tables 

Abbreviations 

List of symbols 

Abstract 

CHAPTER 1 INTRODUCTION 

CHAPTER 2 PROBLEM STATEMENT AND OBJECTIVES 

CHAPTER 3 LITERATURE REVIEW 

3.1 TRANSPORT THROUGH MICROPOROUS MEMBRANES 

3.2 CONCENTRATION POLARIZATION 

3.2.1 Resistances in series models 

3.2.1.1 Boundary layer (film) model 

3.2.1.2 Combined concentration polarization-Irreversible thermodynamics 

model 

3.2.1.3 Modified concentration polarization-charged solute migration 

model 

3.2.2 Osmotic pressure model 

3.2.3 Combined osmotic pressure-gel layer model 

3.3 FOULING 

3.3.1 Inertial lift model (Tubular pinch effect) 

3.3.2 Frictional force model 

3.3.3 Cake filtration model 

3.3.4 Modified cake filtration model 

i 

17 

18 

18 

19 

19 

20 

21 

16 

10 

12 

12 

13 

15 

7 

1 

v 

xi 

xiii 

xv 

xix 

Page No. 



21 

22 

22 

22 

23 

24 

25 

26 

26 

27 

29 

30 

32 

32 

33 

33 

35 

35 

36 

37 

37 

41 

42 

42 

43 

44 

44 

45 

ii 

3.5 FACTORS AFFECTING FOULING AND PROTEIN TRANSMISSION 

IN ULTRAFILTRATION 

3.5.1 Membranes characteristics 

3.5.1.1 Pore size / pore size distribution 

3.5.1.2. Hydrophilicity 

3.5.1.3 Surface roughness / surface energy 

3.5.1.4 Surface charge 

3.5.2 Solution environment 

3.3.5 Pore restriction model 

3.4 TECHNIQUES FOR CONTROL OF CONCENTRATION 

POLARIZATION AND FOULING 

3.4.1 Identification of foulants and feed pretreatment 

3.4.1.1 Identification of foulants 

3.4.1.2 Feed pretreatment methods 

3.4.2 Module design and solution hydrodynamics 

3.4.2.1 Rotating modules / filters 

3.4.2.2 Corrugated membranes 

3.4.2.3 Transverse flow module 

3.4.2.4 Other module designs 

3.4.2.5 Flow pulsation 

3.4.2.6 Application of an external field / centrifugal forces 

3.4.3 Membrane cleaning 

3.4.3.1 Hydraulic cleaning 

3.4.3.2 Mechanical cleaning 

3.4.3.3 Chemical cleaning 

3.4.3.4 Electrical cleaning 

3.4.4 Membrane material characteristics 

3.4.4.1 Hydrophilic polymers / copolymers 

3.4.4.2 Polymer blends 

3.4.4.3 Surface modification methods 



3.5.2.1 Effect of pH 

3.5.2.2 Effect of ionic strength 

3.5.2.3 Effect of feed concentration 

3.5.3 Operating parameters 

3.5.3.1 Effect of transmembrane pressure 

3.5.3.2 Effect of temperature 

3.5.3.3 Effect of crossflow velocity 

3.6 POLY(ACRYLONITRILE) BASED MEMBRANES 

CHAPTER 4 EXPERIMENTAL 

4.1 MEMBRANE PREPARATION AND CHARACTERIZATION 

iii 

4.1.1 Polymer synthesis 

4.1.2 Polymer characterization 

4.1.3 Membrane preparation 

4.1.4 Membrane characterization 

4.1.4.1 Pore size and pore size distribution 

4.1.4.2 Neutral solute rejection 

4.1.4.3 Pure water permeation 

4.1.4.4 Membrane morphology 

4.1.4.4 Surface charge 

4.2 PERMEATION STUDIES 

4.2.1 Preparation of test solutions 

4.2.1.1 Preparation of BSA and Hb solutions 

4.2.1.2 Preparation of wheys 

4.2.1.3 Preparation of clarified wheys 

4.2.2 Assay procedures for test samples 

4.2.2.1 BSA and Hb estimation 

4.2.2.2 Whey protein estimation 

4.2.2.3 Lactose estimation 

4.2.2.4 Fat estimation 

55 

55 

59 

61 

62 

62 

63 

65 

65 

65 

66 

66 

66 

68 

68 

69 

69 

69 

69 

69 

45 

47 

49 

50 

50 

51 

52 

52 



70 

70 

70 

70 

72 

88 

88 

92 

92 

93 

104 

114 

120 

161 

169 

191 

192 

iv 

CHAPTER 6 CONCLUSIONS AND RECOMMENDATIONS FOR 

FUTURE WORK 

REFERENCES 

APPENDEX 1 

LIST OF PUBLICATIONS / /PATENTS /PRESENTATIONS 

CHAPTER 5 RESULTS AND DISCUSSION 

5.1 POLYMER CHARACTERIZATION 

5 . 2 MEMBRANE CHARACTERIZATION 

5.2.1 Pore size and pore size distribution 

5.2.2 Membrane morphology 

5.2.3 Surface electrostatic charge 

5.3 ULTRAFILTRATION STUDIES 

5.3.1 Ultrafiltration of standard proteins 

5.3.1.1 BSA ultrafiltration 

5.3.1.2 Hb ultrafiltration 

5.3.1.3 Binary solution (BSA-Hb) ultrafiltration 

5.3.2 Ultrafiltration of acid cheese and shrikhand whey 

4.2.2.5 Ash estimation / conductivity measurements 

4.2.2.6 Electrophoresis of whey samples 

4.2.3 Permeation methods 

4.2.3.1 Standard protein ultrafiltration 

4.2.3.2 Whey ultrafiltration 

86 

86 

74 




















































































































































































































































































































































































































































