Contents

Preface xxi

Volume 1

Part One Introduction: Change in Perspective due to
Nanotechnology for Environmental Techniques and
Devices I

1 Nanomaterials for Environmental Science:
A Recent and Future Perspective 3
Sukanchan Palit and Chaudhery Mustansar Hussain

1.1 Introduction 3

1.2 The Aim and Objective of the Study 3

121 The Need, the Rationale, and the Scope of the Study 4

1.3 Scientific Vision and Cognizance in the Field of Nanotechnology 4

1.4 Frontiers of Nanotechnology and the Vision for the Future 5

1.5 The Vision and Advancements in the Field of Nanotechnology 5

1.6 Recent Scientific Endeavor in the Field of Nanoscience and
Nanotechnology 6

1.7 The Status of Environment Today 7

1.8 Environmental Sustainability: Its Vision for the Future 8

1.9 Technological Vision and Scientific Objective in the Field of
Application of Nanomaterials 8

1.10 Recent Scientific Research Pursuit in the Field of Nanomaterials

and Its Applications 8
1.11 The Avenues Ahead in the Field of Nanotechnology
Applications 10

1.12 Scientific Cognizance and Scientific Sagacity of Environmental
Engineering 11

1.13 Nontraditional Environmental Engineering Techniques 11

1.13.1 Scientific Doctrine of Advanced Oxidation Processes 11

1.14 Future Trends and Scientific Doctrine of Novel Separation

Processes 13



vi

Contents

1.15
1.16

1.17

1.18

2.1
2.2
2.3
24
2.5
2.6

31
3.2
3.3
34
3.5
3.6
3.7

4.1

4.2

4.3
4.3.1
4.3.2
4.32.1
4.32.2
4.32.3
4.3.2.4
4.3.3
4.34
4.3.5
4.3.6

Recent Scientific Research Pursuits in Membrane Science 13

Future Trends in Research and Development in
Nanomaterials 15

Future Flow of Scientific Thoughts and the Scientific
Progress 15

Conclusions 16

References 16

Atomic-scale Study of Fullerene Molecules on Semiconductor
Surfaces 19

R.Z. Bakhtizin and A.l. Oreshkin

Introduction 19

STM Study of Cgy Adsorption on Solid Surface 20

C6OF18 on Sl(l].].) 20

C6OF18 on Sl(lOO)—2 x1 28

CeoF36 on Si(111)-7x7 31

Conclusions 35

References 35

Recent Advances in Nanostructured Catalysts for
Vehicle Exhaust Gas Treatment 39
Gennady Gerasimov and Michael Pogosbekian
Introduction 39

Diesel Oxidation Catalyst 40

Diesel Particulate Filter 42

Three-way Catalysts 48

Selective Catalytic Reduction 53

Lean NO,, Traps 57

Conclusions 62

References 63

Analytical Applications of Nanoscale Materials for Water
Treatment: A Review 71

Suvardhan Kanchi, Myalowenkosi I. Sabela, and Krishna Bisetty
Introduction 71

Significance of Nanotechnology for Wastewater Purification
Classification of Nanoadsorbents 74

Carbon Nanoadsorbents 74

Metal Nanoadsorbent 75

TiO,NPs 75
CeO,NPs 76
ZnONPs 77

Al,O3NPs 79

Metallic NPs 79

Magnetic NPs 79

Mixed Oxide NPs 81
Polymer Nanoadsorbents 82

72



4.3.7
4.3.8

4.4

44.1
44.1.1
4.4.1.2
44.1.2.1
44.1.2.2
4.4.1.2.3

4413
44.1.4

4.4.1.5

44.1.6

4.4.1.7

4.4.1.8

44.2

44.2.1

44.2.1.1

4422

4.4.2.2.1

4.4.2.2.2

44.2.3

4.4.2.4

4425

4.5

Contents

Nanofibers 83

Nanoclays 84

Analytical Applications 85

Nanomaterials for Inorganic Compound Analysis 85
Carbon Nanotubes for Inorganic Molecule Analysis 90
Multiwalled Carbon Nanotubes for Inorganic Molecule
Analysis 90

Spectroscopic Applications of MWCNT's for Inorganic
Molecule Analysis Coupled with SPE Methodology 90
Electrochemical Applications of MWCNTs for Inorganic
Molecule Analysis 91

Electrochemical Applications of SWCNTs for Inorganic
Molecule Analysis 93

Application of NPs for Inorganic Molecule Analysis 93
Applications of Magnetite NPs (Fe;0,) for Analysis

of Inorganic Molecules 94

Application of Maghemite NPs (Fe,O3) for Analysis of
Inorganic Molecules 95

Applications of Metal Oxides for Analysis of Inorganic
Molecules 96

Applications of Magnetic NPs for Analysis of Inorganic
Molecules 97

Application of Nanofibers for Analysis of Inorganic
Molecules 97

Application of Nanomaterials for Analysis of Organic
Compounds in Wastewaters 98

MWCNTSs Coupled to SPE for Organic Molecule Analysis
by Liquid Chromatography 98

MWCNTs Coupled to SPE for Organic Molecule Analysis
by Gas Chromatography 100

MWCNT-modified Electrodes for Electrochemical Analysis of
Organic Molecules 101

Graphene Nanocomposite-based Electrochemical Analysis of
Organic Compounds 104

Carbon Nanofragment-based Electrochemical Analysis of Organic
Molecules 104

Spectroscopic Applications of SWCNT's for Analysis of Organic
Molecules 104

Metal-based Nanoparticles for Electrochemical Analysis of
Organic Molecules 105

Metal-based Nanoparticles for Spectroscopy Analysis of Organic
Molecules 108

Concluding Remarks and Prospects 109

Abbreviations 110

Acknowledgment 112

References 113

vii



viii | Contents

Part Two Carbon Nanomaterials for Environmental Devices and
Techniques 125

5 Carbon Nanomaterials-based Nanocomposite as Emerging
Field for Pollution Control 127
Sapna and Dinesh Kumar

51 Introduction 127

52 Carbon Nanotubes 128
5.3 CNT Sensors 129

5.4 Graphene 130

54.1 Applications 135

5.4.2 Air Pollution 138

55 Fullerene 140
Acknowledgment 141
References 141

6 Nanocarbons in Agricultural Plants: Can be a Potential
Nanofertilizer? 153
Anupriya Singh, Anshu Bhati, Gunture, Kumud Malika Tripathi,
and Sumit Kumar Sonkar
6.1 Introduction 153
6.2 Organic Carbon-based Fertilizer as “Biochar” 155
6.2.1 Effects of Biochar on Soil Fertility 155
6.2.2 Effects of Biochar on Plant Growth 166
6.3 Nanocarbons in Plant Growth 169
6.3.1 Positive Impacts of Nanocarbons on Plant Growth 169
6.3.1.1  Multiwalled Carbon Nanotubes 169
6.3.1.2  Single-walled Carbon Nanotubes 174
6.3.1.3  Water-soluble Carbon Nanotubes 176
6.3.14  Cup-stacked Carbon Nanotubes 178
6.3.1.5  Fullerenes 178
6.3.1.6  Water-soluble Carbon Nanoonions and Carbon Dots 178
6.3.2 Negative Effects of Nanocarbons on Plant Growth 179
6.4 Conclusions 180
Acknowledgments 181
References 181

7 Adsorptive Removal of Antibiotics onto Graphene-Soy Protein
Aerogel Composites from Aqeous Solution 191
Fei Yu, Yong Li, and Jie Ma

7.1 Introduction 191

7.2 Experiment 192

7.2.1 Materials 192

722 Preparation of Graphene—Soy Protein Aerogels 192

7.2.3 Characterization 192

7.2.4 Batch Sorption Experiments 193

7.3 Results and Discussion 194



7.3.1
7.32
7.3.3
7.3.4

74

8.1
8.2
8.2.1
822
8.3
8.3.1
8.3.1.1
8.3.1.2
8.3.1.3
8.3.2
8.3.2.1
8.3.2.2
8.3.2.3
8.3.3
8.3.3.1
8.3.3.2
8.3.3.3
8.3.4
8.3.4.1
8.3.4.2
8.3.4.3
8.3.4.4
8.3.5
8.3.5.1
8.3.5.2
8.4

8.4.1
8.4.2
8.4.3
8.4.4

Contents

Adsorption Isotherm 200

Adsorption Kinetics of Tetracycline 202
Influence of pH on Tetracycline Adsorption 204
FTIR Analysis of Aerogel Before and After
Adsorption 204

Conclusions 205

References 205

Part Three Functionalized Nanomaterial for Environmental
Techniques 209

Photocatalysis: Activity of Nanomaterials 211

Tetiana Tatarchuk, Amalthi Peter, Basma Al-Najar, Judith Vijaya,
and Mohamed Bououdina

Nanomaterials for Photocatalysis 211

Mechanism of Photocatalysis 212

Enhancement of Irradiation Absorption 216

Factors Affecting Photocatalytic Procedure 219
Synthesis of Photocatalytic Materials 220
Hydrothermal Method 221

Titanium-based Photocatalyst 221

Silver-based Photocatalysts 222

ZnO-based Photocatalyst 224

Sol-Gel Processing 225

Titanium-based Materials 225

Aluminum-based Materials 227

Synthesis of Ferrite 228

Microwave Method 229

Graphene-based Materials 229

Zinc-based Materials 231

Titanium-based Materials 231

Coprecipitation Method of Synthesis 232
Silver-based Catalyst 233

Zinc-based Catalyst 233

Ferrite Catalysts 234

Titanium-based Catalysts 234

Solvothermal Synthesis of Photocatalytic Materials 235
Copper-based Materials 236

Titania-based Catalyst 237

Phase Transition and Microstructure of Photocatalytic
Materials 237

Formation and Analysis of Titania Phases 238
Anatase to Rutile Transformation 239
Morphological Effects 239

Phase Transition Studies of Orthorhombic BisO-I Spherical
Microstructures 240



X

Contents

8.4.5

8.4.6

8.5

8.5.1
8.5.1.1
8.5.1.2
8.5.1.3
8.5.1.4
8.5.2
8521
8.5.2.2
8.5.2.2.1
8.5.2.2.2
8.5.2.2.3
8.5.2.2.4
8.6

8.6.1
8.6.2
8.6.2.1
8.6.2.2
8.6.2.3
8.6.3
8.6.4
8.6.5

9.1
9.2
9.3
9.4
9.5
9.5.1
9.5.2
9.5.3
9.5.4
9.6

9.6.1
9.6.2
9.6.3
9.6.4

Phase Transition Studies of Bicrystalline Cr-TiO,
Nanoparticles 241

Phase Transition Studies of N, S, and C Co-Doped TiO,
Nanomaterials 243

Optical and Magnetic Properties 244
MeNPs—Semiconductor Hybrid Heterostructures 245
Au-ZnO Hybrid Photocatalysts 245

Ag—7ZnO Hybrid Photocatalysts 246

Pt-ZnO Hybrid Photocatalysts 247

Me-TiO, Hybrid Photocatalysts 249

Magnetic Hybrid Photocatalysts 250

Binary Heterostructures 250

Ternary Heterostructures 252

Fe304-based Photocatalysts 252

Ag3POy4-based Photocatalysts 254

g-C3Ny-based Photocatalysts 255

BiOX-based Photocatalysts 256

Photocatalytic Activity 257

Photocatalyst for Water Decomposition 257
Photocatalyst for Dye Degradation 259

Methylene Blue 259

Methyl Orange 262

Rhodamine B 262

Photocatalyst for Pharmaceutical Drugs Degradation 263
Photocatalyst for Reduction of Heavy Metal Ions 267
Photocatalysts for CO, Reduction 267

References 269

Functionally Active Nanomaterials for Environmental
Remediation 293

Sangeeta Adhikari, N. Krishna Rao Eswar, Ajay Kumar Mishra,
Debasish Sarkar, and Giridhar Madras

Introduction 293

Concept of Integral Environmental Pollutants 294
Purpose of Functionally Active Nanomaterials 294
Functionally Active Nanomaterials 295

Potential Methods for Environmental Remediation 295
Adsorption and Membrane Separation 296

Advanced Oxidation Processes 296

Disinfection Using Nanomaterials 297

Sensing and Monitoring Methods 298

Functionally Active Nanomaterials for Remediation of
Environmental Pollutants 298

Carbon Nanomaterials and Its Composite 298

Metal Nanoparticles 301

Metal Oxide Nanoparticles 303

Nanocomposites and Other Nanomaterials 306



9.7

10

10.1
10.2
10.2.1
10.2.2
10.2.3
10.2.4
10.3

10.4
10.4.1
10.4.2
10.4.3
104.3.1
10.4.3.2
10.4.3.3
10.5
10.5.1

10.5.2
10.6

10.6.1
10.6.2
10.6.2.1
10.6.2.2
10.6.2.3
10.6.2.4
10.7

10.7.1
10.7.1.1

Contents

Conclusions and Future Directions 308
References 308

Functionalized Nanomaterial for Environmental Techniques 315
Maher Darwish and Ali Mohammadi

Introduction 315

Nanomaterial-based Environmental Techniques 316
Nanoadsorption 316

Membranes and Membrane Processes 316
Nanophotocatalysis 316

Nanosensing 317

Limitations of Nanomaterials Used for Environmental
Techniques 317

Methods of Nanomaterials’ Functionalization 317

Direct Functionalization (Cocondensation and In Situ) 318
Postsynthetic Functionalization (Grafting) 318

Polymers in Functionalization 319

Grafting To 319

Grafting From 319

Grafting Through 319

Nanomaterial-Functional Groups Bonding Types 319
Functionalization by a Noncovalent Bond (Physisorption
Process) 319

Functionalization by a Covalent Bond (Chemisorption Process) 320
Functionalization and Applications of Silica-based
Nanomaterials 320

Functionalization Methods 321

Applications of Functionalized Silica-based Nanomaterial 322
Adsorption of Transition and Heavy Metal lons 322
Adsorption of Organic Compounds 323

CO, Capturing 323

Catalysis 323

Functionalization and Applications of Carbonaceous
Nanomaterials 324

CNM'’s Functionalization Methods 324

Covalent Functionalization 324

10.7.1.1.1 Surface Oxidation 324
10.7.1.1.2 Doping Heteroatoms 325
10.7.1.1.3 Alkali Activation 325
10.7.1.1.4 Sulfonation 325
10.7.1.1.5 Grafting 325

10.7.1.2
10.7.1.3
10.7.1.4
10.7.2

10.7.2.1
10.7.2.2

Noncovalent Functionalization of CNTs 326

Polymer Coating 326

Inorganic Functionalization 327

Applications of Functionalized CNMs 327

Removal of Metal Ions and Organic Contaminants 327
Sensing and Monitoring 328

xi



xii | Contents

10.7.2.3  Catalysts Support 328

10.7.2.4 Membrane-based Separation 331

10.8 Functionalization and Applications of Metal and Metal
Compound Nanomaterials 332

10.8.1 Functionalization of the Nanoparticles 332

10.8.2  Applications of Functionalized Metals and Metal Compounds 334

10.8.2.1 Adsorption 334

10.8.2.2 Photocatalysis 335

10.8.2.3  Sensing and Monitoring 335

10.9 Conclusions 336
References 336

Part Four Nanoseparation Devices for Environment 351

11 Comprehensive Treatment of Industrial Wastewater with
Membrane Separation Technology: From Hybrid
Process to Novel Devices 353
Xiaobin Jiang, Gaohong He, Jianchao Cai, Wu Xiao, Xiangcun Li,
Xuemei Wu, and Xuehua Ruan

11.1 Introduction 353

11.2 Membrane and Membrane Process for Industrial Wastewater
Treatment 354

11.2.1 Principle of Membrane 354

11.2.1.1 Membrane Material 355

11.2.1.2 Membrane Characteristic 355

11.2.1.3 Membrane Module 356

11.2.2 Membrane Process 356

11.2.2.1 Pressure-driven Membrane Processes 358

11.2.2.2 Other Membrane Processes 360

11.3 Applications of Membrane Process for Wastewater Treatment
and Comprehensive Recovery 366

11.3.1  Inorganic Industrial Wastewater 367

11.3.2 Organic Wastewater 369

11.3.2.1 Textile Wastewater 369

11.3.2.2 Oily Wastewater 371

11.3.2.3 Coking Wastewater 372

11.3.3 Radioactive Wastewater 373

114 Novel Devices for Process Intensification and Fouling Control 374

11.4.1 Novel Devices for Wastewater Treatment 374

1142  Membrane Fouling and Control 375

114.2.1 Membrane Fouling 375

11.4.2.2 Membrane Fouling Control 377

11.4.2.3 Membrane Cleaning 378

11.5 Conclusions and Perspective 380
Acknowledgments 381
References 381



Contents

12 A Review on the Advancements of Nanomembranes for
Water Treatment 391
Lavanya Madhura and Shalini Singh

12.1 Introduction 391

12.1.1 History of Membrane Filtration 392

12.1.2 Fundamentals of Membrane Process 395

12.2 Separation Mechanisms in Nanofiltration 395
12.2.1 Characterization of Nanofiltration Membranes 396
12.3 Fabrication and Modification of Nanofiltration Membrane 396

12.3.1 Interfacial Polymerization 397
12.3.2  Incorporation of Nanomaterials 398
124 Application to Water Treatment 400
1241 Ground/Surface/Wastewaters for Organic and Inorganic Pollutants 400
12,5 Fouling 404
12,51 Mechanism of Fouling 404
1252 Types of Membrane Fouling 405
12.52.1 Inorganic Fouling 405
12.5.2.2 Particulate Fouling 405
12.,5.2.3 Microbial Fouling 405
12.5.2.4 Organic Fouling 405
12.,5.2.,5 Prevention of Fouling 406
12.6 Conclusions 406

Acknowledgment 407

References 407

13 Manipulating Grouping Dynamics of Nanoscale Boron
Particles as Basis for Environmentally Friendlier
Combustion and Efficient Filtration 413
David Katoshevski and Levan Chkhartishvili

13.1 Boron Particles and Powders: A Review 413

13.1.1 Introduction 413

13.1.2 Boron Powders 415

13.1.3 Combustion Mechanisms 418

13.14  Combustion Models 421

13.2 Clustering of Particles in Oscillating Flow: From the Nanometric to
the Hundred-micrometer Size Range 422

13.2.1 Introduction 422

13.2.2 Mathematical Model 424

13.2.3 Results 426

13.2.3.1 Grouping of Nanoparticles 427

13.2.3.2 Brownian and Drag-induced Particle Velocities 427

13.2.3.3 Time for Attachment 429

13.2.3.3.1 Attachment Tendency of 0.005—1 pm Size-range
(St=6-10"7-3-10"2) 430

13.2.3.3.2 Attachment Tendency of 1-30 pm Size-range
(St=3-1072-2.6) 431

13.2.3.3.3 Attachment Tendency of Particles of Above 30 pm (St>2.6) 433

Xiii



xiv

Contents

13.2.3.4
13.2.4
13.2.5

14

14.1
14.2
14.3
14.3.1
14.31.1

Time for Attachment with Particles of Different Sizes 433
Summary of Results 433

Conclusions 434

Acknowledgments 435

References 435

Volume 2

Part Five Nano-Lab on Chip for Environment 443

Nanosensor in Gas Monitoring: A Review 445
Nurhidayatullaili Muhd Julkapli and Samira Bagheri
Introduction 445

Sensing Technologies in Petroleum Industries 446
Nanosensor Technology 447

Nanomaterials 448

Metal Oxide 448

14.3.1.1.1 In,O3 450
14.3.1.1.2 TiO, 450
14.3.1.1.3 ZnO 452
14.3.1.14 SnO, 452
14.3.1.1.5 Fe30, 454
14.3.1.1.6 CdO 454
14.3.1.1.7 WO5 454
14.3.1.1.8 Co30, 454

14.3.1.2

Glassy Carbon Electrode 455

14.3.1.2.1 CNT Electrode 456
14.3.1.2.2 Graphene/graphene Oxide Electrode 456

14.3.2
14.4

15

151
15.2
152.1
15.2.2
15.3
154
15.4.1
15.4.2
15.4.2.1

Properties of Nanosensor Technology 461
Conclusions 461

Acknowledgment 461

References 462

Plasmonic Nanomaterials for SERS Detection of Environmental
Pollutants 473

Mengke Su and Honglin Liu

Introduction 473

About SERS 475

Electromagnetic Enhancement 476

Chemical Enhancement 476

Environmental Pollution and SERS Detection 478
Plasmonic Materials for Raman Enhancement 481
SERS Hot Spot 482

Development Trend of SERS Hot Spot Structures 483
Zero-dimensional Structure 485



154.2.2
154.2.3
154.2.4

Contents

One-dimensional Structure 486
Two-dimensional Structure 488
Three-dimensional Structure 489

15.4.2.4.1 Array Structure 491
15.4.2.4.2 Aggregate Structure 495

15.5

16

16.1
16.1.1
16.1.1.1
16.1.1.2
16.2
16.2.1
16.3
16.3.1
16.3.2
16.3.3
16.4

17

17.1
17.2
17.3
17.3.1
17.3.2
17.3.3
17.4
17.5
17.5.1
17.5.2
17.5.3
17.5.4
17.5.5
17.5.6
17.6
17.7

Future Perspective 499
References 501

Part Six Bionanomaterial-based Devices for Environment 515

Bionanomaterials as Emerging Sensors in Environmental
Management 517

Deepali Sharma, Suvardhan Kanchi, and Myalowenkosi Sabela
Introduction 517

Bionanomaterials 519

Metal Bionanomaterials 520

Metal Oxide Bionanomaterials 522

Electrochemical Sensors 523

Colorimetric Sensor for Metal Detection 523
Applications 524

Sensors for Heavy Metals 525

Sensors for Pesticides 530

Sensors for Gases 532

Conclusions 535

References 536

Role of Bionanomaterial-based Devices in Water Detoxification 543
Priyanka Joshi and Dinesh Kumar

Introduction 543

Classical Approaches of Metals 544

Biosynthesis of Nanoparticles 545

Synthesis by Plants 546

Synthesis by Microorganisms 546

Synthesis by Biomolecules 548

Characterization Techniques 550

Wastewater Remediation 550

Detection of Heavy Metal Ions 550

Detection of Aromatic Compounds 555

Detection of Inorganic Pollutants 556

Detection of Organophosphates 557

Detection of Toxins 558

Detection of Dyes 558

Future Perspectives of Green Synthesized Nanoparticles 559
Conclusions 560

Acknowledgment 560

References 561

Xv



xvi | Contents

18 Nanocellulose as Promising Material for Environmental
Applications 579
M. Laura Soriano and Celia Ruiz-Palomero

18.1 Introduction 579

18.2 Analytical Nanoscience and Nanotechnology 580

18.3 Connection of Analytical and Environmental Sciences 581
18.4 Nanocellulose 582
18.5 Different Formats of Nanocellulose-based Sorptive

Microextraction 584
18.5.1 Industrial Effluents and Contaminated Waters 584
18.5.2 Direct Air Capture or Gas Permeation 590
18.6 Nanocellulose as Sensor of Contaminants 591
18.7 Promoting Crystallization in Gel Media 592
18.8 Conclusions 592
References 593

19 Functionalized Nanomaterials for Pollution Abatement 599
Himani Medhi and Krishna G. Bhattacharyya

19.1 Introduction 599

19.2 Preparation of Functionalized Nanomaterials 602

19.2.1 Functionalized Carbon Nanotubes 602

19.2.2 Functionalized Graphene and Graphene Oxide 607

19.2.3 Functionalized LDHs 609

19.3 Application of Functionalized Nanomaterials in Pollution
Abatement 613

19.3.1 Functionalized Carbon Nanotubes 613

19.3.2  Functionalized Graphene 621

19.3.3 Future Outlook for Use of Functionalized Nanomaterials in Pollution
Abatement 629

19.4 Conclusions 630
References 631

20 Biopolymers: A Natural Support for Photocatalysts Applied to
Pollution Remediation 649
Diseko Boikanyo, Ajay Kumar Mishra, Shivani B. Mishra,
and Sabelo D. Mhlanga

20.1 Introduction 649

20.1.1  Wastewater Treatment Methods 649

20.1.2 Photocatalysis in Wastewater Treatment 652

20.2 Biopolymers: Introduction and Definition of Terms 654

20.3 Immobilization of Photocatalysts on Supports 658

20.3.1 The Necessity for Immobilization 658

20.3.2 Features of an Immobilizing Support 660

20.3.3  Approaches Used for Immobilization of the Photocatalyst 661

20.4 Survey of Biopolymer-supported Photocatalysts for Pollution
Remediation 662

20.4.1 Biopolymers as Immobilization Supports 662



20.4.2
20.4.3
20.4.4
20.5

21

21.1
21.2
21.2.1
21.2.2
21.3
21.3.1
21.3.2
21.4
21.4.1

21.4.2

21.5

22

22.1
22.2

22.3
22.4
22.5
22.6
227
22.7.1
22.7.2
22.7.3
22.8
22.9
22.10

Contents

Removal of Azo Dyes 663

Removal of Phenolic Compounds 669
Removal of Natural Organic Matter 674
Conclusions 676

Ackowledgments 677

References 677

Bioinspired Nanocomposites for Adsorptive and Photo-assisted
Decontamination of Wastewater 685

Akeem Adeyemi Oladipo

Introduction 685

Composite and Nanocomposite Materials 687
Polymer-based Nanocomposites 688

Nonpolymer-based Nanocomposites 691

Bioinspired Nanocomposite Materials 692

Magnetically Responsive Bioinspired Nanocomposite 694
Photosensitive Bioinspired Nanocomposite Materials 696
Environmental Application of Bioinspired Nanocomposites 697
Decontamination via Adsorptive Application of Bioinspired
Nanocomposites 698

Decontamination via Photocatalytic Application of Bioinspired
Nanocomposites 702

Summary and Prospects 705

Acknowledgment 706

References 706

Part Seven Toxicity, Economy, Legalization of Nanotechnology 711

Economic Aspects of Functionalized Nanomaterials for
Environment 713

John Judith Vijaya, Thambidurai Adinaveen, and Mohamed Bououdina
Introduction 713

Carbon Nanomaterials for Environmental Devices and
Techniques 717

Functionalized Nanomaterials for Environmental Techniques 721
Nanoseparation Device for Environment 723

Magnetic Nanomaterials for Environment 724
Bionanomaterial-based Devices for Environment 726

Nano-lab on a Chip for Environment 727

Microfluidic pH Analysis 727

Seawater Nitrate and Nitrite Analysis 728

Detection of Other Chemicals in Seawater 728

Toxicity, Economy, and Legalization of Nanotechnology 729
Nanotechnology: A Green and Sustainable Vision 730
Conclusions 732

References 732

xvii



xviii

Contents

23

23.1

23.2

23.2.1
23.2.2
23.2.3
23.3

23.3.1
23.3.2
23.3.3
23.3.4
23.3.5
23.4

23.4.1
23.4.2
23.4.3
23.4.4
23.4.5
23.5

23.5.1
23.5.2
23.6
23.7
23.8
23.8.1
23.8.2
23.9

24

24.1
24.2
24.3
24.3.1
24.3.1.1
24.3.1.2
24.3.1.3
24.3.1.4
24.3.2
24.3.2.1

Engineered Nanoparticles’ Toxicity: Environmental Aspects
Neetu Talreja and Dinesh Kumar

Introduction 737

Distribution of Nanoparticles Based on Composition 738
Metal-based Nanomaterials 738

Carbon-based Nanomaterials 738

Hybrid Nanomaterials 739

Common Methods of Engineering of Nanoparticles 739
Gas Condensation 739

Chemical Precipitation 739

Sol-Gel Techniques 740

Electrodeposition 740

Chemical Vapor Deposition 740

Toxicity Based on Physicochemical Properties of NPs 741
Size 741

Surface Area 741

Surface Electrostatic Status 742

Morphology 742

Agglomeration Status 742

Toxicity of Some Widely Used ENPs to Environmental
Organisms 742

Toxicity of Metal Nanoparticles 743

Toxicity of Polymeric Nanoparticles 745

Effect of ENP Toxicity on Plants 745

Effect of ENP Toxicity on Humans 747

Metal Toxicity Mechanism 748

Microbial Cells 748

Other Cells 749

Conclusions and Future Perspective 750
Acknowledgment 751

References 751

Part Eight Nanotechnology: A Green and Sustainable Vision

Nanotechnology: Key for Sustainable Future 761
Amit Kumar, Susmita Dey Sadhu, and Rajeev Singh
Introduction 761

History 762

Methods of Preparation 762

Physical Routes/Top-down Approaches 763
Inert Gas Condensation 763

Arc Discharge 764

High-energy Ball Milling 765

Laser Ablation 766

Chemical Routes/Bottom-up Approaches 767
Micelles and Microemulsions 767

737

759



Contents

24.3.2.2  Sol-Gel Synthesis 768

24.3.2.2.1 Steps Involved in Sol-Gel 768

24.3.2.3 Solvothermal Synthesis 769

24.3.2.3.1 Chemical Factors 769

24.3.2.3.2 Thermodynamical Factors 770

24.3.2.4 Sonochemical Route 770

24.4 Application of Nanotechnology for Sustainable Future 771

244.1  Agriculture 771

24.4.1.1 Nanomaterials for Increasing Productivity 771

24.4.1.2 Nanomaterials for Plant Growth 772

24.4.1.3 Nanomaterials for Improving the Water Holding Capacity
of Soil 772

24.4.14 Nanomaterials in Pesticides 773

24.4.1.5 Nanomaterials as Sensors 773

24.4.2 Energy 774

24.4.2.1 Solar Economy 774

24.4.2.1.1 Solar Energy in Photovoltaic Technology 774

24.4.2.1.2 Solar Energy for Hydrogen Production: Artificial
Photosynthesis 775

24.4.2.2 Hydrogen Economy 775

24.4.2.2.1 Hydrogen Production 775

24.4.2.2.2 Hydrogen Storage 776

24.4.2.2.3 Hydrogen Conversion 776

24.4.2.3 Sustainable Electricity Storage 776

24.4.2.3.1 Batteries 776

24.4.2.3.2 Supercapacitors 777

2443  Water Pollution Treatment 777

24.4.3.1 Nanoparticles for Remediation 778

24.4.3.2 Nanoparticles for Water Disinfection 778

24.4.3.3 Nanoparticles for Water Purification 779

24.4.3.4 Nanoparticles as Sensors and Detectors 779

2444  Food Packaging 780

24.4.4.1 Food Processing 780

24.4.4.2 Food Packaging 781

24.44.3 Barrier Protection 781

24.4.4.4 Antimicrobial Packaging 781

24.4.4.5 Nanofibres and Nanoclays 781

24.4.4.6 Smart Packaging 781

24.4.4.7 Nanolaminates 782

24.4.5  Drug Delivery 782

24.4.5.1 Liposomes 783

24.4.52 Polymeric Nanoparticles 784

24.4.5.3 Nanoparticles Based on Solid Lipids 784

24.4.54 Carbon Nanomaterials 785

24.4.5.5 Magnetic Nanoparticles 785

24.4.5.6 Silica Materials 786

24.4.5.7 Dendrimer Nanocarrier 787

Xix



xx | Contents

24.4.6 Paint and Coating 788
24.4.7 Cosmetics 790
References 792

25 Nanotechnology: Greener Approach for Sustainable
Environment 805
Ambika and Pradeep Pratap Singh
25.1 Introduction 805
25.2 Classification of Nanomaterials 806
25.2.1 Dendrimers 806
25.2.2 Liposomes 806
25.2.3 Carbon Nanotubes and Fullerenes 807
25.2.4 Quantum Dots 807
25.3 Synthesis of Nanoparticles 807
25.3.1 Conventional Approach for the Production of Nanoparticles 807
25.3.1.1 Top-down (Physical Method) 808
25.3.1.2 Bottom-up (Chemical Method) 808
25.3.2 Green Approach for the Synthesis of Nanoparticles 808
25.3.2.1 Synthesis of Nanoparticles Using Bacteria 808
25.3.2.2  Synthesis of Nanoparticles Using Fungi 809
25.3.2.3  Synthesis of Nanoparticles Using Plants 810
254 Applications of Green Nanotechnology 811
254.1 Nanomaterials for Water Treatment 811
25.4.1.1 Nanofibers 811
25.4.1.2 Nanomembranes 812
25.4.1.3 Metal Nanoparticles 812
25.4.1.4 Nanoclays 813
25.4.2  Nanotechnology for Renewable Energy 813
25.4.2.1 Dye-sensitized Solar Cells 813
25.4.2.2 Quantum Dots in Renewable Energy Sources 813
25.4.2.3 Fuel Cell 814
25.4.2.4 Hydrogen Gas 814
25.4.3  Nanomaterials for Construction Industry 815
25.4.4 Other Nanoenhanced Green Applications 815
25.5 Prospects 815
25.6 Conclusions 816
References 816

Conclusions 825
Chaudhery Mustansar Hussain and Ajay Kumar Mishra

Index 829



	Contents

