
High Performance Polyesters
94/95S6

November 1996



94/95S6     C:\U\WPU\PERP\TOC\94S6TOC.WPD

TABLE OF CONTENTS

Page

I SUMMARY 1
A. TECHNOLOGY 1

1. Modified Polyethylene Terephthalate 1
2. Polyethylene Naphthalate 2
3. Polytrimethylene Terephthalate 3

B. ECONOMICS 3
1. Feedstocks 3
2. Products 5

(a) Terephthalates 5
(b) Naphthalates 6
(c) Polytrimethylene Terephthalate 7

C. COMMERCIAL 8
1. Terephthalates 8
2. Naphthalates 12
3. Polytrimethylene Terephthalate 16

II INTRODUCTION 18

III PROCESS TECHNOLOGY 20
A. MODIFIED POLYETHYLENE TEREPHTHALATES 20

1. Introduction 20
2. Chemistry 21

(a) Cyclohexane Dimethanol 21
(b) Isophthalic Acid 23
(c) Polymerization 24

(1) Raw Material Purity 24
(2) Esterification of Carboxylic Acids with Glycols 26
(3) Melt Phase Polycondensation of Oligomer 27
(4) Solid State Polymerization 29

3. Process Description 31
(a) Cyclohexane Dimethanol 31



94/95S6     C:\U\WPU\PERP\TOC\94S6TOC.WPD

TABLE OF CONTENTS
(Continued)

Page

(1) Hydrogenation 31
(2) Hydrogenolysis 31

(b) Isophthalic Acid 33
(c) Polymerization 33

(1) Esterification 33
(2) Melt Phase Polycondensation 35
(3) Solid State Polymerization 37
(4) Recovery of Ethylene Glycol 39

B. POLYETHYLENE NAPHTHALATE AND COPOLYMERS 41
1. Introduction 41
2. Chemistry 42

(a) Dimethyl 2,6-Naphthalene Dicarboxylate 42
(b) Polymerization 44

3. Process Description 45
(a) Dimethyl 2,6-Naphthalene Dicarboxylate 45
(b) Polymerization 49

C. POLYTRIMETHYLENE TEREPHTHALATE 56
1. Introduction 56
2. Chemistry 56
3. Process Description 58

IV PROCESS ECONOMICS 61
A. FEEDSTOCK ECONOMICS 61

1. Terephthalic Acid 61
2. Isophthalic Acid 61
3. Dimethyl 2,6-Naphthalene Dicarboxylate 66
4. Ethylene Glycol 66
5. Cyclohexanedimethanol 72
6. 1,3-Propanediol 72
7. Summary Feedstock Economics 78



94/95S6     C:\U\WPU\PERP\TOC\94S6TOC.WPD

TABLE OF CONTENTS
(Continued)

Page

B. POLYESTER PRODUCTION 80
1. Unmodified Polyethylene Terephthalate (PET) 80
2. Acid Modified PET (PETA) 80
3. Glycol Modified PET (PETG) 83
4. UV Resistant PETG 83
5. Polyethylene Naphthalate 86
6. Naphthalate/Terephthalate Copolymers 86
7. Polytrimethylene Terephthalate (PTT) 90
8. Summary Polyester Economics 94

V COMMERCIAL OVERVIEW 95
A. PET BACKGROUND 95
B. MODIFIED PET 98

1. Background 98
2. Acid Modified PET 98
3. Glycol Modified PET 100

C. PEN 105
1. Background 105
2. Properties 106
3. Applications 114

(a) General 114
(b) Containers 117
(c) Container Recycling 123
(d) Films 123
(e) Fiber 130
(f) Other 137

D. POLYTRIMETHYLENE TEREPHTHALATE 137

REFERENCES 143

PERP TITLE INDEX 144



94/95S6     C:\U\WPU\PERP\TOC\94S6TOC.WPD

TABLES

Page

Table I.B.1 U.S. Gulf Coast Polyester Feedstock Economics,
 2nd Qtr 1996 5

Table I.B.2 U.S. Gulf Coast High Performance Polyester Economics,
 2nd Qtr 1996 8

Table I.C.1 Global PET Supply/Demand Balance, 1995-2005 9
Table I.C.2 Potential Container Applications for NDC-Containing Materials 13

Table III.A.1 Typical Purified Terephthalic Acid Product Characteristics 24
Table III.A.2 Sales Specifications of Purified Isophthalic Acid 25
Table III.A.3 Typical Properties of Fiber Grade Ethylene Glycol 25
Table III.A.4 Sales Specifications of Cyclohexane Dimethanol 26

Table IV.A.1 Cost Estimate of Purified Terephthalic Acid Production via
 EniChem/Tecnimont Process 62

Table IV.A.2 Cost Estimate of Isophthalic Acid Production via meta-Xylene
 Oxidation 63

Table IV.A.3 Cost Estimate of 2,6-Dimethylnaphthalene Production via
 Amoco Cyclization 68

Table IV.A.4 Cost Estimate of Dimethyl 2,6-Naphthalene Dicarboxylate
  Production via Oxidation and Esterification of Dimethyl-

 naphthalene 69
Table IV.A.5 Cost Estimate of Ethylene Glycol Production via Shell Process 71
Table IV.A.6 Cost Estimate of Dimethyl Terephthalate Production via Hüls

 Oxidation and Esterification 73
Table IV.A.7 Cost Estimate of Cyclohexanedimethanol Production via

 Dimethylterephthalate and Hydrogen 74
Table IV.A.8 Cost Estimate of 1,3-Propanediol Production via Shell Ethylene

 Oxide Hydroformylation 75
Table IV.A.9 Cost Estimate of Acrolein Production via Propylene Oxidation,

 with Bismuth/Molybdenum Catalyst 76
Table IV.A.10 Cost Estimate of 1,3-Propanediol Production via Degussa

 Acrolein Hydration/ Hydrogenation 77
Table IV.A.11 U.S. Gulf Coast Polyester Feedstock Economics, 2nd Qtr 1996 78



94/95S6     C:\U\WPU\PERP\TOC\94S6TOC.WPD

TABLES
(Continued)

Page

Table IV.B.1 Cost Estimate of High Intrinsic Viscosity PET Production
 via Integrated Continuous Melt Phase + Solid State (SS) 81

Table IV.B.2 Cost Estimate of 2% Acid Modified High Intrinsic Viscosity PET
 Production via Integrated Continuous Melt Phase + SS 82

Table IV.B.3 Cost Estimate of 2% Glycol Modified High Intrinsic Viscosity
 PET Production via Integrated Continuous Melt Phase + SS 84

Table IV.B.4 Cost Estimate of Spectar7 UV Resistant, Glycol Modified PET
 Production via Continuous Melt Phase 85

Table IV.B.5 Cost Estimate of High Intrinsic Viscosity PEN Production
 via Integrated Continuous Melt Phase + SS 87

Table IV.B.6 Cost Estimate of Naphthalate/Terephthalate Copolymer
 Production via Integrated Continuous Melt Phase + SS 89

Table IV.B.7 Cost Estimate of Low Intrinsic Viscosity PTT Production via
 Continuous Melt Phase 92

Table IV.B.8 U.S. Gulf Coast High Performance Polyester Economics,
 2nd Qtr 1996 94

Table V.A.1 Global PET Supply/Demand Balance, 1995-2005 96
Table V.B.1 Physical Properties of Film Extruded from Eastar PETG 103
Table V.C.1 PEN Commercialization Time Table 105
Table V.C.2 Comparative Properties of PEN and PET 110
Table V.C.3 Shell HiPERTUFJ 35000 Sales Specifications 114
Table V.C.4 Shell HiPERTUFJ 90000 Sales Specifications 115
Table V.C.5 Preliminary Data for Eastman PEN Homopolymer 14991 116
Table V.C.6 Potential Container Applications for NDC-Containing Materials 118
Table V.C.7 Comparative Properties of PEN versus PET Film 125
Table V.C.8 Chemical Resistance of PET, PEN, and Nomex 127
Table V.C.9 PEN Properties versus Other Tire Reinforcements 133
Table V.D.1 Carpet Fiber Polymer Properties 139
Table V.D.2 Properties of Synthetic Carpet Fibers 141
Table V.D.3 Resiliency Performance of Corterra PTT and Nylon Cut-Pile

 Saxony Carpets 142



94/95S6     C:\U\WPU\PERP\TOC\94S6TOC.WPD

FIGURES

Page

Figure III.A.1 PET Precursor/Monomer Chemistry 22
Figure III.A.2 Relationship between PET=s Intrinsic Viscosity and Ethylene

 Glycol=s Vapor Pressure, at 210oC 30
Figure III.A.3 Cyclohexanedimethanol from Dimethylterephthalate 32
Figure III.A.4 Esterification of Acid and Glycol to Modified Oligomer 34
Figure III.A.5 Polycondensation of Modified Oligomer 36
Figure III.A.6 Continuous Solid State Polymerization 38
Figure III.A.7 Ethylene Glycol Recovery 40
Figure III.B.1 PEN Precursor/Monomer Chemistry 43
Figure III.B.2 2,6-Naphthalene Dicarboxylic Acid Synthesis 46
Figure III.B.3 Esterification of 2,6-Naphthalene Dicarboxylic Acid 47
Figure III.B.4 Recovery of 2,6-Dimethyl Naphthalene Dicarboxylate 48
Figure III.B.5 Transesterification of 2,6-Dimethyl Naphthalene Dicarboxylate

 and Ethylene Glycol to Oligomer 50
Figure III.B.6 Esterification of PTA and Ethylene Glycol to Oligomer 53
Figure III.B.7 Polycondensation of N/T Oligomers 54
Figure III.B.8 Continuous Solid State N/T Polymerization 55
Figure III.C.1 PTT Precursor/Monomer Chemistry 57
Figure III.C.2 Esterification of PTA and TMG to Oligomer 59
Figure III.C.3 Polycondensation of PTT Oligomer 60

Figure IV.A.1 Xylenes Recovery Process 65
Figure IV.A.2 Isophthalic Acid Cost versus meta-Xylene Price 67
Figure IV.A.3 Dimethyl 2,6-NDC Cost versus Feed Prices 70
Figure IV.A.4 1,3-Propanediol Cost versus Plant Capacity 79
Figure IV.B.1 Polyethylene Naphthalate Cost versus Capacity 88
Figure IV.B.2 8 Percent Naphthalate/Terephthalate Copolymer Cost

 versus Capacity 91
Figure IV.B.3 Polytrimethylene Terephthalate Cost versus Capacity 93



94/95S6     C:\U\WPU\PERP\TOC\94S6TOC.WPD

FIGURES
(Continued)

Page

Figure V.C.1 Carbon Dioxide Permeability of PEN and PET 107
Figure V.C.2 Nitrogen Permeability of PEN and PET 108
Figure V.C.3 PET/PEN Copolymer Crystallinity 109
Figure V.C.4 Comparisons of Copolymer and Blend Crystallinity 111
Figure V.C.5 Oxygen Permeation of PEN/PET Blends 112
Figure V.C.6 Hot Fill Heat Resistance of PEN/PET Blends 113
Figure V.C.7 Comparison of PEN and PET Properties for Food Packaging 120
Figure V.C.8 Comparison of PEN and PET Hot Fill Performance 121
Figure V.C.9 Comparison of PEN and PET Caustic Resistance 122
Figure V.C.10 High Performance Film Comparison (PET versus PEN versus

 Polyimide) 124


