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Since the first production of polyethylene on a large scale by ICI (Imperial Chemi-
cal Industries) in the 1930s, polymer materials, or as they are simply called, plas-
tics, have been inevitable as successful packaging materials. Plastics protect all 
kinds of products like food, pharmaceuticals, cosmetics, medical products, and 
other nonfoods against deterioration. Although the amount of tissue material such 
as paper, paper board, and corrugated board used for packaging is a bit higher than 
polymers, polymers are inevitable for primary packaging. They fulfill all of the 
legislative regulations worldwide for direct contact with the product, particularly 
with food.

No other packaging material shows such a continuous and rapid development as 
does polymer packaging material. Scientists, experts, and technologists of the pack-
aging sector are responsible for the development and application of tailor-made 
solutions. This book will contribute to the practical knowledge of specialists.

Besides basic and applied knowledge on technology, a number of valuable sugges-
tions on critical cases are given in this book.

Finally, I hope this book will be a valuable help for the reader to solve technical 
problems and be a contribution to successful packaging development.

Plastics

Glass

Metal

Paper

Others

PE – Film, BM, IM, Roto …

PP – Film, TF, BM, IM, …

PS – TF, Sheets, …

PET – BM, Film, …

PVC – Film, Sheet, …

Global Packaging Materials – a Breakdown

Plastics Have the Highest Growth Rate among All Materials in the Packaging Sector

BM: blow molding, IM: injection molding, TF: thermoforming, Roto: roto molding
Raj Datta, Haldia Petrochemicals, National Conference, IIP, Kolkata 2012

Preface





I want to express my acknowledgement to a number of people in the packaging 
industries of Germany, Switzerland, and Belgium for their valuable information 
and kind permission to publish relevant information or figures.

For valuable information:
Mrs. Elisabeth Mersteiner, RPC Kutenholz, Germany

Dr. Alfred Koblischek, Alcan-Tscheulin, Germany

Dr. Karl-Heinz Hausmann, DuPont, Switzerland

Mr. Helmut Meyer, Reifenhauser, Germany

Mr. Herbert Stotkiewitz, Bosch Packaging, Germany

Mr. Harald Braun, Rovema, Germany

Mr. Matthias Huter, Solvay, Germany

Mr. Matthias Schraegle, Huhtamaki, Germany

Mr. Peter Ludwig, EK-Pack, Germany

Mr. Raj Datta, Haldia Petrochemicals, India

Dr. Christof Herschbach, Windmoeller & Hoelscher, Germany

Dr. Sven Fischer, Krones, Germany

Dr. Georg Kinzelmann, Henkel, Germany

For figures:
Dr. Michael Roth, Battenfeld, Germany

Mr. William Reay, Kuraray, Belgium

Mr. Herbert Stotkiewitz, Bosch Packaging, Germany

Mr. Matthias Huter, Solvay, Germany

Otto Hofstetter AG, CH – Uznach, Switzerland

Acknowledgements





Contents

Preface  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .VII

Acknowledgements   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . IX

Contents  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . XI

Abbreviations  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  XV

1 Basics of Polymer Packaging  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 1

1.1  Definition of Polymers  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.2  Manufacturing of Polymer Resins  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.3  Classification of Plastics: Molecular Structure  . . . . . . . . . . . . . . . . . . . . . . . . . 3

1.4  Plastics Additives  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
1.4.1  Usual Additives in the Packaging Sector  . . . . . . . . . . . . . . . . . . . . . . . . . 5

1.4.1.2  Light Stabilizer  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
1.4.1.3  PVC Stabilizer  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
1.4.1.4  Antiblock Agents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
1.4.1.5  Antifog Agents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
1.4.1.6  Nucleating Agents  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
1.4.1.7  Lubricants as Processing Aids  . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
1.4.1.8  Slip Agents  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
1.4.1.9  Antistatic Agents  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
1.4.1.10  Colorants  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
1.4.1.11  Optical Brighteners  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
1.4.1.12  Chemical Blowing Agents  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
1.4.1.13  Antimicrobial Agents  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

1.5  Required Performance of Polymer Packaging  . . . . . . . . . . . . . . . . . . . . . . . . . . 8

1.6  Different Types of Polymers Used for Packaging  . . . . . . . . . . . . . . . . . . . . . . . 9
1.6.1  Polyurethanes as Adhesives  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11



XII  Contents 

1.7  Short Description of Some Polymers for Packaging Applications  . . . . . . . . . 12

1.8  Major Polymers Used in Packaging  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
1.8.1  Important Points for the Technologist  . . . . . . . . . . . . . . . . . . . . . . . . . . 16

References  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

2 Manufacturing of Polymer Packaging  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 19

2.1  Extrusion of Resins  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
2.1.1  Technology of Extrusion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
2.1.2  Continuous Processes  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

2.1.2.1  Manufacturing of Blown Film  . . . . . . . . . . . . . . . . . . . . . . . . . . 26
2.1.2.2  Manufacturing of Cast Film  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
2.1.2.3  Collapsible Tubes  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34
2.1.2.4  Flexible Films for Packaging  . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

2.1.3  Important Features for the Technologist  . . . . . . . . . . . . . . . . . . . . . . . . 48
2.1.4  Discontinuous Processes  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

2.1.4.1  Injection Molding (IM)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
2.1.4.2  Injection Blow Molding (IBM)  . . . . . . . . . . . . . . . . . . . . . . . . . . 52
2.1.4.3  Extrusion Blow Molding (EBM)  . . . . . . . . . . . . . . . . . . . . . . . . . 54
2.1.4.4  Stretch Blow Molding (SBM)  . . . . . . . . . . . . . . . . . . . . . . . . . . . 56
2.1.4.5  Different Types of PET  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
2.1.4.6  Thermoforming  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60

2.2  Sealing of Packages  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71
2.2.2  Principles of Heat Generation for Sealing of Packaging Materials  . . . 73
2.2.3  Technology of Sealing  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74

2.2.3.1  Direct Heating Systems  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
2.2.3.2  Indirect Heating Systems  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77

References  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80

3 Converting of Polymer Packaging (Composite Packaging)  .  .  .  .  .  .  .  . 83

3.1  Technology of Converting  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83
3.1.1  Modes of Converting Packaging Material  . . . . . . . . . . . . . . . . . . . . . . . 84
3.1.2  Technology of Coating  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85

3.1.2.1  Extrusion and Coextrusion Coating  . . . . . . . . . . . . . . . . . . . . . 85
3.1.2.2  Coating with Lacquer  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86
3.1.2.3  Coating with Polymer Dispersion  . . . . . . . . . . . . . . . . . . . . . . . 88

3.1.3  Technology of Lamination  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89
3.1.3.1  Extrusion and Coextrusion Lamination  . . . . . . . . . . . . . . . . . . 90
3.1.3.2  Dry Lamination, Solvent Based  . . . . . . . . . . . . . . . . . . . . . . . . . 91
3.1.3.3  Dry Lamination, Solvent-Free Adhesive  . . . . . . . . . . . . . . . . . . 95


