
III 

4 

ace 

ion 
ies 
lie 
lly 

r 6. 
he 

the 
sis, 
bi­
N 

in 

for 
ate 
felt 
ok 

ttal 
fen 

Contents
 

Chapter 1 

Chapter 2 

Polymer Nanocomposites in Emulsion and Suspension: an 
Overview 1 
Vikas Mittal 

1.1	 Polymer Nanocomposites 
1.2	 Synthesis Methodologies for Polymer 

Nanocomposites 4 
1.2.1	 Template Synthesis 4 
1.2.2	 In Situ Intercalative Polymerization 4 
1.2.3	 Melt Intercalation 6 
1.2.4	 Intercalation of Polymer or Prepolymer from 

Solution 8 
1.3	 Polymer Nanocomposites in Emulsion and 

Suspension 8 
Acknowledgment 28 
References 28 

Polymer-Layered Double Hydroxide Nanocomposites by 
Emulsion and Suspension Polymerization 32 
Longzhon Qiu and Baojun Qu 

2.1	 Introduction 32 
2.2	 Layered Double Hydroxides 34 

2.2.1	 Structure of LDHs 34 
2.2.2	 Properties of LDHs 35 
2.2.3	 Synthesis of LDHs 36 
2.2.4	 Organic Modification of LDHs 36 

2.3	 Polymer-LDH Nanocomposites 36 

RSC Nanoscience & Nanotechnology No. 16 
Polymer Nanocomposites by Emulsion and Suspension Polymerization 
Edited by Vikas Miual 
© Royal Society of Chemistry 2011 
Published by the Royal Society of Chemistry. www.rsc.org 

vii 

Training05
Typewritten Text
620.192 POL



Vlll Contents Contents 

2.3.1 
2.3.2 

Structure of Polymer-LDH Nanocomposites 
Conventional Strategies for Preparing 

38 4.3.1 Grafting of 
Exfoliated ~ 

Polymer-LDH Nanocomposites 38 4.3.2 Mechanical 
2.4 Polymer-LDH Nanocomposites Prepared by 

Emulsion and Suspension Polymerization 42 4.3.3 
MMT-P(M, 
Structure-TI 

2.4.1 Emulsion and Suspension Polymerization 42 Relationshir 
2.4.2 Preparation of Polymer-LDH (MA-ca-M~ 

2.4.3 

Nanocomposites via Emulsion and Suspension 
Polymerization 
Properties and Potential Applications of 

43 
4.4 Physical Properties 

Nanocomposite Fib 
4.5 Conclusion 

Polymer-LDH Nanocomposites Obtained References 
From Suspension and Emulsion Polymerization 53 

2.5 Conclusion 56 
Acknowledgments 58 Chapter 5 Acrylic-Clay Nanocompo 

References 58 Polymerization 
Urs'ka Sebenik and MatjG 

Chapter 3 Polymer-Clay Nanocomposite Particles by Direct and 
Inverse Emulsion Polymerization 
Weihua (Marshall) Ming, Dirk-Jan Voorn and 

64 5.1 
5.2 

Introduction 
Pressure-sensitive A 

Alex M. van Herk Clays 
5.3 Synthesis and Stme1 

3.1 Introduction 64 Acrylic-Clay Nanoc 

3.2 Polymer-Clay Nanocomposite Particles by Direct 
Emulsion Polymerization 

3.3 Polymer-Clay Nanocomposite Particles by Inverse 
Emulsion Polymerization 

3.4 Clay Encapsulation by Emulsion Polymerization 
3.4.1 General Approaches in Encapsulation of 

67 

68 
71 

Adhesives 
5.4 Properties of Aeryli< 

Pressure-sensitive Ac 
5.5 Conclusion 
Acknowledgment 
References 

Inorganic Particles (in General) by Emulsion 

3.4.2 
Polymerization 
Encapsulation of Clay by (Mini)emulsion 

71 Chapter 6 Biodegradable Polymer-C 
Retardants via Emulsifier-

Polymerization 74 Prafulla Kumar Sahaa 
References 76 

6.1 Introduction 
Chapter 4 PMMA-based Montmorillonite Nanocomposites by 

Soap-free Emulsion Polymerization 78 
6.2 Experimental 

6.2.1 Materials 
King-Fu Lin and Keng-Jen Lin 6.2.2 Preparation ( 

6.2.3 Charaeterizat 
4.1 Introduction 78 6.2.4 Flame Retan 
4.2 Fabrication of PMMA Nanocomposites Through 

Soap-free Emulsion Polymerization 80 6.3 
6.2.5 Biodegradatic 
Results and Discussi 

4.2.1 Soap-free Emulsion Polymerization 
4.2.2 Exfoliated MMT-PMMA Nanocomposites by 

Soap-free Emulsion Polymerization 
4.3 Structure and Mechanical Properties of Exfoliated 

80 

82 

6.3.1 
6.3.2 
6.3.3 
6.3.4 

FTIR Speetn 
XRD Analys 
TEM Analys 
Thermal Ana 

MMT-P(MA-ca-MMA) Films 88 6.3.5 Mechanical F 



Contents 

s 38 

38 

42 
42 

on 
43 

ion	 53 
56 
58 
58 

64 

64 

67 
e 

68 
71 

on 
71 

74 
76 

78 

78 
1 

80 
80 

lS by 
82 

:d 
88 

Contents 

Chapter 5 

Chapter 6 

ix 

4.3.1	 Grafting of P(MA-co-MMA) Chains on to 
Exfoliated MMT Nanoplatelets 89 

4.3.2	 Mechanical Properties of Exfoliated 
MMT-P(MA-co-MMA) Nanocomposite Film 92 

4.3.3	 Structure-Thermomechanical Property 
Relationship of Exfoliated MMT-P 
(MA-co-MMA) Nanocomposite Films 96 

4.4	 Physical Properties of Exfoliated MMT-PMMA 
Nanocomposite Films 103 

4.5 Conclusion 105 
References 106 

Acrylic-Clay Nanocomposites by Suspension and Emulsion 
Polymerization 111 
Urska Sebenik and Matjaz Krajnc 

5.1	 Introduction III 
5.2	 Pressure-sensitive Adhesives Reinforced with 

Clays 112 
5.3	 Synthesis and Structure Characterization of 

Acrylic-Clay Nanocomposite Pressure-sensitive 
Adhesives 114 

5.4	 Properties of Acrylic-Clay Nanocomposite 
Pressure-sensitive Adhesives 116 

5.5 Conclusion 120 
Acknowledgment 121 
References 121 

Biodegradable Polymer-Clay Nanocomposite Fire 
Retardants via Emulsifier-free Emulsion Polymerization 124 
Prafulla Kumar Sahoo 

6.1	 Introduction 124 
6.2	 Experimental 127 

6.2.1	 Materials 127 
6.2.2	 Preparation of Nanocomposite 127 
6.2.3	 Characterization 127 
6.2.4	 Flame Retardancy 129 
6.2.5	 Biodegradation by Activated Sludge 129 

6.3	 Results and Discussion 129 
6.3.1	 FTIR Spectroscopy 130 
6.3.2	 XRD Analysis 130 
6.3.3	 TEM Analysis 130 
6.3.4	 Thermal Analysis 131 
6.3.5	 Mechanical Properties 132 



x ContentsContents 

6.3.6 Flame Retardancy	 133 9.3 Polymer-MH Nanoc 
6.3.7 Biodegradation	 137 Polymerization 

6.4	 Conclusion 138 9.3.1 In Situ Mono] 
6.5 Abbreviations 138 Polymerizatio 
References 139 9.3.2 In situ Combi 

Emulsion Pol~ 

Chapter 7	 Polymer Nanocomposites Prepared by Suspension 9.3.3 Surface-initiat 
Polymerization of Inverse Emulsion 142 9.4 Properties of Polymel 
Jintao Yang, Sin Zhu and L. James Lee Emulsion Polymeriza 

9.4.1 Thermal Stabi 
7.1	 Introduction 142 9.4.2 Flammability 
7.2	 Preparation of Polymer Nanocomposites via Inverse 9.4.3 Rheological P 

(Mini)emulsion Polymerization 144 9.5 Conclusions and Fuh 
7.3	 Preparation of Polymer Nanocomposites via Acknowledgment 

Suspension Polymerization 149 References 
7.4	 Polymer Synthesis via Suspension Polymerization of 

Inverse Emulsion 155 Chapter 10 Polymer-Clay Nanocompm 
7.5	 Preparation of Polymer Nanocomposites via Polymerization 

Suspension Polymerization of Inverse Emulsion 157 Mate) Micusik, Yuri Reyes 
7.6 Conclusion 162 Jose Ramon Leiza 
References 163 

10.1 Introduction 
Chapter 8 Polymer Nanocomposites by Radiolytic Polymerization 167 10.2 Organomodification 

Seong-Ho Choi and Hai-Doo Kwen	 10.3 Morphology of Hybl 
Miniemulsion Dropll 

8.1	 Introduction 167 10.3.1 Pickering M 
8.2	 Preparation of Polymer-Clay Nanocomposites by 10.3.2 Encapsulatic 

y-Irradiation Polymerization 169 10.4 Kinetics of Miniemu 
8.3	 Preparation of Polymer-Metal Nanocomposites by Presence of Clay 

y-Irradiation Polymerization 172 10.5 Final Properties of ] 
8.4	 Preparation of Polymer-CNT Nanocomposites by Prepared by Minieml 

y-Irradiation Polymerization 174 10.6 Towards Real Appl 
8.5 Conclusion 177 and Reproducible La 
References 177 10.7 Conclusion 

Acknowledgments 
Chapter 9	 Polymer-Magnesium Hydroxide Nanocomposites by References 

Emulsion Polymerization	 180 
Xiao-Lin Xie. Sheng-Peng Liu, Fei-Peng Du and Chapter 11	 PAN-Silica-Clay Nanocoml 
Yiu-Wing	 Mai Polymerization 

Chunhua Cai, Jiaping Lin al 
9.1	 Introduction 180 
9.2	 Structure, Thermal Decomposition of MHs and 11.1 Introduction 

Synthesis of MH Nanostructures 182 11.2 Synthesis and Structu 
9.2.1 Crystal Structure of MHs 182	 Nanocomposites 
9.2.2 Thermal Decomposition of MHs 183	 11.3 Thermal Properties 0 

9.2.3 Synthesis of MH Nanostructures 184	 Nanocomposites 



185 

lents 

133
 
137
 
138
 
138
 
139
 

142
 

, 142
 

144
 

149
 

155
 

157
 
162
 
163
 

167
 

167
 

169
 

172
 

174
 
177
 
177
 

180
 

180
 

182
 
182
 
183
 
184
 

Contents	 Xl 

9.3	 Polymer-MH Nanocomposites by Emulsion 
Polymerization 
9.3.1 

9.3.2 

9.3.3 

In Situ Monomer-Nano-MH Emulsion
 
Polymerization 185
 
In situ Combined Process of Precipitation and
 
Emulsion Polymerization 188
 
Surface-initiated In Situ Polymerization 189
 

904	 Properties of Polymer-MH Nanocomposites by
 
Emulsion Polymerization 190
 
904.1 Thermal Stability	 190
 
904.2 Flammability 191
 
9A. 3 Rheological Properties 192
 

9.5 Conclusions and Future Trends 193
 
Acknowledgment 194
 
References 194
 

Chapter 10 Polymer-Clay Nanocomposites by Miniemulsion 

Chapter 11
 

Polymerization	 198
 
Mate} Micufik. Yuri Reyes. Maria Paulis and 
Jose Ramon Leiza 

10.1	 Introduction 198
 
10.2	 Organomodification of Clay 199
 
10.3	 Morphology of Hybrid Monomer-Clay
 

Miniemu1sion Droplets/Particles 203
 
10.3.1 Pickering Miniemulsion	 208
 
10.3.2 Encapsulation of Clay	 209
 

lOA	 Kinetics of Miniemulsion Polymerization in the
 
Presence of Clay 214
 

10.5	 Final Properties of Polymer-Clay Nanocomposites
 
Prepared by Miniemulsion Polymerization 216
 

10.6	 Towards Real Applications: High Solids Content
 
and Reproducible Latexes 217
 

10.7 Conclusion 218
 
Acknowledgments 219
 
References 220
 

PAN-Silica-Clay Nanocomposites by Emulsion
 
Polymerization 223
 
Chunhua Cai, Jiaping Lin and Lan Wei 

11.1	 Introduction 223
 
11.2	 Synthesis and Structure of Polymer-Clay-Silica
 

Nanocomposites 226
 
11.3	 Thermal Properties of Polymer-Clay-Silica
 

Nanocomposites 231
 



xii Contents 

1104 Mechanical Properties of Polymer-Clay-Silica 
Nanocomposites 234 

11.5 Conclusion 239 
References 239 

Chapter 12 Polymer-Clay Nanocomposites Prepared in Miniemulsion 
Using the RAFT Process 244 
Eddson Zengeni, Austin Samakande and 
Patrice C. Hartmann 

12.1 Introduction 244 
12.2 Background to Controlled/Living Polymerization 

Using the RAFT Process 245 
12.3 Controlled Polymerization Techniques and Their 

Applicability to PCNs 248 
12.4 Preparation and Characterization of 

RAFT-mediated PCNs in Miniemulsion 249 
12.5 Physical Properties of RAFT-mediated 

Polymer-Clay Nanocomposites 253 
12.5.1 Thermomechanical Properties 253 
12.5.2 Thermal Stability 257 
12.5.3 Rheological Properties 257 

References 265 

Chapter 13 Polymer-Clay Nanocomposite Particles and Soap-free 
Latexes Stabilized by Clay Platelets: State of the Art and 
Recent Advances 269 
Elodie Bourgeat-Lami, Nida Sheibat-Othman and 
Amilton Martins Dos Santos 

13.1 Introduction 269 
13.2 Clay Structure 271 
13.3 Polymer-Clay Nanocomposites Produced by 

Conventional Emulsion Polymerization 272 
13.3.1 Polymer-MMT Composite Latexes 272 
13.3.2 Polymer-Laponite Nanocomposite 

Latexes 278 
1304 Soap-free Latexes Stabilized by Clay Platelets 287 

1304.1 Pickering Suspension and Miniemulsion 
Polymerizations: a Brief Overview 287 

1304.2 Soap-free Emulsion Polymerization 
Stabilized by Inorganic Solids 287 

1304.3 Laponite-armored Latexes Produced by 
Soap-free Emulsion Polymerization 290 

Contents 

130404	 Modeling 
Calorimetl 
Polymer-l 

13.5 Conclusions and 0 
Acknowledgments 
References 

Subject Index 



ntents 

234
 
239
 
239
 

244
 

244
 

245
 

248
 

249
 

253
 
253
 
257
 
257
 
265
 

269
 

269
 
271
 

272
 
272
 

278
 
287
 

287
 

287
 

290
 

Contents	 Xlll 

13.4.4	 Modeling and Online Monitoring by
 
Calorimetry of the Preparation of
 
Polymer-Laponite Nanocomposite Particles 299
 

13.5 Conclusions and Outlook 305
 
Acknowledgments 306
 
References 307
 

Subject Index	 312
 




