
Preface .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 	 vii

About the Author  . . . . . . . . . . . . . . . . . . .                   	 ix

Acknowledgements  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 	 xi

Chapter 1		  Interactions in Polymer/
				    Additive Formulations  . . . .    	 1

	 1.1	 Polymer-additive interactions  . . . . . .     	 6	
		  1.1.1		  Flow microcalorimetry  .  .  .  . 	 19
		  1.1.2		  Inverse gas chromatography  . 	 20
	 1.2	 Additive transformation chemistry  . .  	 24
	 1.3	 Co-additive interactions  . . . . . . . . . .          	 37
	 Bibliography . . . . . . . . . . . . . . . . . . . . . . .                       	 56
	 References  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 	 56

Chapter 2		  Physical Chemistry of 
				    Additives in Polymers  . . . . 	 67

	 2.1	 Additive-polymer compatibility  . . . .    	 69
		  2.1.1		  Permeability  .  .  .  .  .  .  .  .  .  .  .  . 	 72
		  2.1.2		  Additive solubility in polymers 	 75	
		  2.1.3		  Additive diffusion in polymers 	 86	
		  2.1.4		  Volatility of additives  .  .  .  .  . 	 114
	 2.2	 Migration of additives in polymer/
		  contact media  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 	 117
		  2.2.1		  Mechanisms of physical loss 
				    of additives from polymers  . 	 126
		  2.2.1.1	 Evaporative loss . . . . . . . . . .          	 131
		  2.2.1.2	 Extractive loss  .  .  .  .  .  .  .  .  .  .  . 	 134
		  2.2.1.3	 Exudation and surface 
				    precipitation .  .  .  .  .  .  .  .  .  .  .  .  . 	 137

Contents

	 2.3	 Dispersion and dispersibility of 
		  additives in polymers  .  .  .  .  .  .  .  .  .  .  .  . 	 144
	 2.4	 Distribution of additives in polymers . 	 157
	 Bibliography . . . . . . . . . . . . . . . . . . . . . . .                       	 164
	 References  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 	 165

Chapter 3		  Analytical Aspects of 
				    Product Quality  .  .  .  .  .  .  .  .  . 	 179

	 3.1	 Quality assurance of analytical data  . 	 180
	 3.2	 Product quality and control  .  .  .  .  .  .  . 	 185
	 3.3	 Health, safety and environmental issues 	192
		  3.3.1		  Case studies (non-food)  . . . .   	 194
		  3.3.1.1	 Polymer processing  .  .  .  .  .  .  . 	 194
		  3.3.1.2	 Medical . . . . . . . . . . . . . . . . .                	 197
			  3.3.1.3	 Plasticisers  .  .  .  .  .  .  .  .  .  .  .  .  .  . 	 198
		  3.3.1.4	 Alkylphenols  .  .  .  .  .  .  .  .  .  .  .  . 	 200
		  3.3.1.5	 Organotin and lead stabilisers . 	 201
		  3.3.1.6	 Flame retardants . . . . . . . . . .          	 202
		  3.3.1.7	 Pigments and dyes  .  .  .  .  .  .  .  . 	 205
		  3.3.1.8	 Rubbers . . . . . . . . . . . . . . . . 	 206
	 3.4	 Product failure diagnosis  .  .  .  .  .  .  .  .  . 	 206
	 Bibliography . . . . . . . . . . . . . . . . . . . . . . .                       	 210
	 References  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 	 212

Chapter 4	  	Organoleptic Product 
				    Quality  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 	 219

	 4.1	 Sensory analysis  . . . . . . . . . . . . . . . .                	 223
	 4.2	 Instrumental methods in off-odour/
		  off-taste problems  . . . . . . . . . . . . . . .              	 226
	 4.3	 Artificial olfaction  .  .  .  .  .  .  .  .  .  .  .  .  .  . 	 235
	 Bibliography . . . . . . . . . . . . . . . . . . . . . . .                       	 244
	 References  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 	 245

J.C.J. Bart, Polymer Additive Analytics: Industrial Practice and Case 
Studies,   ISBN:  88-8453-378-3,   © 2006  Firenze University Press



vi Contents

Chapter 5		  Quality of Food Contact
				    Polymers  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 	 249

	 5.1	 Food-packaging interactions  .  .  .  .  .  . 	 251
	 5.2	 Food contact legislation  .  .  .  .  .  .  .  .  .  . 	 253
		  5.2.1		  EC Directives on food 
				    contact materials  .  .  .  .  .  .  .  .  . 	 253
		  5.2.2		  FDA regulations  .  .  .  .  .  .  .  .  . 	 258
	 5.3	 Legal compliance testing  .  .  .  .  .  .  .  .  . 	 261
	 5.4	 Food packaging migration  .  .  .  .  .  .  .  . 	 265
	 5.5	 Analytical methodologies employed 
		  in food contact compliance testing  . .  	 270
		  5.5.1		  Conventional migration 
				    studies  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 	 272
		  5.5.1.1	 Radiotracer techniques  .  .  .  .  .  . 	 279
		  5.5.2		  Alternative migration testing 		 283
		  5.5.3		  Compliance control using 
				    migration estimation  .  .  .  .  .  . 	 286
	 5.6	 Food contact product safety  . . . . . . .       	 297
		  5.6.1		  Case studies  . . . . . . . . . . . . .             	 300
		  5.6.1.1	 Elastomeric materials 
				    in contact with food .  .  .  .  .  .  . 	 300
		  5.6.1.2	 The environmental 
				    estrogen issue and 
				    tris(nonylphenyl)phosphite . 	 303
			  5.6.1.3	 Mineral oil products . . . . . . .       	 305
		  5.6.1.4	 Pigments in food contact 
				    materials .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 	 306
	 Bibliography . . . . . . . . . . . . . . . . . . . . . . .                       	 307
	 References  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 	 308

Chapter 6		  Industrial Problem Solving 
				    in Action  . . . . . . . . . . . . . . . .               	 317

	 6.1	 Industrial approaches  .  .  .  .  .  .  .  .  .  .  .  . 	 318
	 6.2	 Case studies  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 	 325
		  6.2.1		  Organic additives in poly-
				    styrene container packages . . 	 325
		  6.2.2		  Volatile additives in 
				    vulcanisable rubbers  .  .  .  .  .  . 	 326
		  6.2.3		  TLC method for detection of 
				    optical brighteners in polymers		 326
		  6.2.4		  Characterisation of PVC 
				    by SEC  . . . . . . . . . . . . . . . . 	 327

	 	 6.2.5		  SFE analysis of poly(alkylene 
				    glycol) lubricants  . . . . . . . . .        	 327
		  6.2.6		  Organotin stabilisers in rigid 
				    PVC  . . . . . . . . . . . . . . . . . . .                   	 328
		  6.2.7		  Industrial applications of 
				    pSFC  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 	 328
		  6.2.8		  Colour body analysis  . . . . . .      	 329
		  6.2.9		  PyGC analysis of polymeric 
				    additives in oils  .  .  .  .  .  .  .  .  .  . 	 330
		  6.2.10	 Dithiocarbamate in latex gloves 	330
			  6.2.11	 Phthalate plasticisers in toy 
				    manufacturing  .  .  .  .  .  .  .  .  .  .  . 	 331
			  6.2.12	 Quality control in 
				    manufacturing processes  . . .   	 332
			  6.2.13	 Direct determination of 
				    plasticisers in pacifiers 
				    by FAB-MS  .  .  .  .  .  .  .  .  .  .  .  .  . 	 332
			  6.2.14	 Simultaneous determination 
				    of polymer additives by 
				    GC-MS . . . . . . . . . . . . . . . . .                 	 333
			  6.2.15	 Determination of additives 
				    in Biomer and Lycra Spandex 
				    by pyrolysis mass spectro-
				    metric techniques .  .  .  .  .  .  .  .  . 	 335
			  6.2.16	 Flame retardants in house-
				    hold appliances  .  .  .  .  .  .  .  .  .  . 	 335
			  6.2.17	 Surface analysis of LCD 
				    materials by ToF-SIMS  .  .  .  . 	 338
			  6.2.18	 Additive characterisation in 
				    multilayer automotive 
				    coatings .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 	 338
			  6.2.19	 “Sorbitol tristearate” . . . . . . .      	 341
			  6.2.20	 Forensic analysis of condoms 
				    and personal lubricant products		 342
			  6.2.21	 Analytics of waste plastics 
				    recycling  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 	 343
	 Bibliography . . . . . . . . . . . . . . . . . . . . . . .                       	 346
	 References  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 	 347

Appendix	    List of Symbols  .  .  .  .  .  .  .  .  .  .  . 	 353

Index  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 	 369


