Contents

Preface XIII

14
1.2
121
122
123
1.3

2

21
2:2
2.2.1
222
223
2.2.4
2.25
2.3
2.3.1
2.32
2.33
2.4
241
2.4.2
2.5
2.571
2:52
2.53
2.6
261
2:6.2
2.7

Emulsions, Foams, and Suspensions: Fundamentals and Applications. Laurier L. Schramm

Introduction 1

The Colloidal State 1

Classification of Emulsions, Foams, and Suspensions
Emulsions 4

Foams 7

Suspensions 9

Characterization and Stability 11

Dispersion and Dispersed Species Characterization 13
Surface Area, Porosity, and Permeability 13

Size and Size Distribution 18

Microscopy 20

Sieving 23

Radiation Scattering 24

Ultramicroscopy 26

Other Techniques 27

Conductivity 28

Dispersed Phase Identification 28

Sensing-zone Techniques 28

Conductivity of Dispersions 29

Sedimentation, Creaming, and Centrifugation 30
Sedimentation and Creaming 30

Centrifugation and Ultracentrifugation 38
Characterization of Emulsions 41

Appearance and Emulsion Type 41

Experimental Assessment of Emulsion Stability 43
Composition 44

Characterization of Foams 44

Appearance and Foam Type 44

Experimental Assessment of Foam Stability 47
Characterization of Suspensions 50

Copyright © 2005 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
ISBN: 3-527-30743-5

vil



VIII | Contents

2.7 Chemical and Surface Analysis 50

2.7.2 Experimental Assessment of Suspension Stability 50
3 Interfacial Energetics 53

3.1 Surface Area 53

3.2 Surface and Interfacial Tensions 54

3:2.1 Principles 54

322 Equation of Young-Laplace 61

3.2.3 Measurement 61

3.24 Experimental Results for Dispersions 70

33 Pressure and Curved Surfaces 72

3.4 Contact Angle and Wettability 73

3.5 Surfactants and Micelles 76

3:5:1 Surface Activity 76

3,52 Classification and Analysis of Surfactants 80
353 Micelles 82

3.5.4 Surface Elasticity 86

3.6 Applications of Surface Activity 89

3.6.1 Surfactants and Emulsification 89

3.6.2 Surfactants and Foaming 91

3.6.3 Surfactants and Flotation 92

3.6.4 Surfactants and Suspensions 93

3.6.5 Surfactants and Wetting 94

3.6.6 Surfactants and Detergency 94

3.7 Other Lyophilic Colloids: Microemulsions 97
4 Electrokinetics 101

4.1 Charged Interfaces 101

4.2 Electric Double Layer 103

4.3 Electrokinetic Phenomena 105

4.3.1 Electrophoresis 109

4.3.2 Point of Zero Charge and Isoelectric Point 113
433 Electrodialysis 114

4.4 Electrostatic Properties in Non-aqueous Media 115
5 Colloid Stability 117

5:1 Electrostatic and Dispersion Forces 119

5.1:1 Repulsive Forces 120

5.1.2 Dispersion Forces 121

5.2 DLVO Theory and Practice 122

5.2.1 Theory 122

522 Practical Guidelines 128

5.2.3 Schulze-Hardy Rule 130

5.2.4 Peptization 132

5.3 Hydration and Steric Effects 132



5.3.1
5.4

5.4.1
5.4.2
5.43
5.5

5.6

5.6.1
5.6.2
5.6.3
5.6.4
5.6.5
5.6.6
5.6.7

6.1

6.2

6.2.1
6.2.2
6.2.3
6.3

6.3.1
6.3.2
6.3.3
6.3.4
6.3.5
6.3.6
6.3.7
6.3.8
6.4

6.4.1
6.4.2
6.4.3
6.5

6.5.1
6.5.2
6.5.3
6.5.4
6.5.5
6.5.6
6.6

6.7

6.7.1
6.7.2

Steric Stabilization 135

Additional Stabilizing Influences 137
Other Stabilizing Influences for Suspensions Stability 137
Other Influences on Emulsion Stability 138
Other Influences on Foam Stability 141
Kinetics 143

Destabilization of Colloids 146

Aggregation and Flocculation 147
Structures in Flocculation 148

Bridging Flocculation 149

Agglomeration Flocculation 151

Depletion Flocculation 151

Filtration 152

Foam Stability in the Presence of Oil 152

Colloid Rheology 155

Principles 156

Measurement 159

Tube Methods 160

Rotational methods 164

Other methods 167

Non-Newtonian Flow Properties 170
Pseudoplasticity 173

Dilatancy 174

Plasticity/Pseudoplasticity with Yield Stress 174
Thixotropy 176

Rheopexy 177

Viscoelasticity 178

Rheomalaxis 178

Summary 179

Other Viscosity Nomenclature and Parameters 179
Viscosity Nomenclature 179

Other Viscosity Parameters 180

Experimental Considerations 182

Dispersion Rheology 183

Einstein’s Equation 183

Virial Expansions 186

Other Empirical Equations 188

Dispersed Phase Size and Polydispersity 188
Additional Considerations for Emulsions and Foams 189
Other Equations 192

Surface Rheology 193

Flow in Pipelines and Constraining Media 194
Applications in Pipeline Flow 194

Applications in Porous Media 197

Contents

IX



X | Contents

7 Preparation, Inhibition, and Destruction of Dispersions 201
71 Preparation 202

7.1.1 Preparation of Emulsions 202

7.1.2 Preparation of Foams 209

713 Preparation of Suspensions 211

7.1.4 Ostwald Ripening 215

P Destruction and/or Inhibition 215

7:241 Demulsification 215

7.2:2 Antifoaming and Defoaming 220

8 Introduction to Practical and Industrial Applications 223
8.1 General Uses 223

8.2 Emulsions 224

8.3 Foams 227

8.4 Suspensions 228

8.5 Hazards 229

9 Applications in the Environment 231

9.1 Introduction 231

9.2 Rocks, Sediments, and Soils 231

93 Environmental Soil Remediation 234

9.4 Water and Wastewater Treatment 236

9.5 Spills and Other Hazards 238

9.6 Environmental Foam Blankets 240

10 Mining and Mineral Processing Applications 243
10.1 Introduction 243

10.2 Hydraulic Mining and Hydrotransport 243
10.3 Mineral Flotation 245

10.3.1 Carrier, Emulsion, and Floc Flotation 257
10.4 Tailings and Tailings Ponds 258

10.5 Dust-Suppressing Foam Blankets 261

11 Petroleum Industry Applications 263

11.1 Oil Wells and Near Wells 265

11:1:1 Drilling and Completion Fluids 265

11.1.2 Well Stimulation: Fracturing and Acidizing 267
11.2 Reservoirs 268

1121 Primary and Secondary Oil Recovery 268

11:2.2 Enhanced (Tertiary) Oil Recovery 270

113 Surface Operations 278

1131 Surface Treatment 278

11.3:2 Oil Sands Processing 280

11.3.3 Pipeline Transportation 282

11.3.4 Upgraders and Refineries 283



12
12.1
12.2
12.3
12.4
12.5
12.5:1
12.5:2
12.6
12.7
12.8
12.9

13
13.1
13.2
13.3
13.4
13.5
13:5:1
13.5:2
13.6
13.6.1
13.7
13.7.1
13.7:2
13:7:3
13.7.4
13.8
13.9

14

14.1
14.2
14.3
14.4
14.5

15

15.1
15.2
15.3
15.4

Manufacturing and Materials Science Applications 285
Introduction 285

Papermaking 285

Emulsions for Road Paving 287

Metal-working 288

Cleaning Processes 289

Detergency 289

De-inking 292

Surface Coatings including Paints and Inks 294
Polymer Synthesis 297

Ceramics Manufacture 297

Fire-Fighting Foams 298

Food Product and Agricultural Applications 301
Introduction to Food Colloids 301
Stabilizing Agents 302

Preparation 304

Stability 304

Protein-stabilized Emulsions 306

Ice Cream 309

Cream Liqueurs 311
Non-protein-stabilized Emulsions 312
Carbonated Soft Drinks 314

Foam Food Products 314

Baked Products 315

Foam Toppings 316

Champagne and Beer Foams 317

Coffee Beverage Foam 318

Other Food Colloids 318

Introduction to Agricultural Colloids 321

Biological and Medical Applications 325
Introduction 325

Vesicle Carriers 329

Polymer Coatings 330

Emulsion Carriers 332

Colloids in Diagnostics 334

Personal Care Product Applications 337
Introduction 337

Detergents, Shampoos and Conditioners 338
Cosmetic Skin Care Products 339

Other Personal Care Products 344

Contents

Xl



XH

Contents

16

16.1
16.2
16.3

17
17.1
17.2

18

Index 431

Emerging Areas in Emulsions, Foams and Suspensions 347
Smart Colloids 347

Nanodispersions 348

Combatting Terror Agents 353

Glossary of Emulsion, Foam and Suspension Terminology 357
Introduction 357

Terms 357

References 401



