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A - Raw materials
Content

1. Raw Materials used in the PET Process
1.1 Purified Terephthalic Acid - PTA

1.2 Dimethyl Terephthalate - DMT

1.3 Monoethylene Glycol - MEG

1.4 Co-Monomers

1.4.1 Isophthalic Acid - IPA

1.4.2  Naphthalindicarbonic Acid/Dimethylnaphthalate - NDA/DMN
1.4.3 Cyclohexanedimethanol - CHDM
1.4.4 Diethylene Gycol - DEG

1.4.5 1,4-Butanediol

1.4.6 1,3-Propanediol

1.4.7 Other Comonomers

1.4.8 Some Comonomer Properties

1.5 Raw Material Analysis

1.5.1 PTA

1.5.2 DMT

1.53 EG

1.5.4 |IPA

1.6 Bio based PET raw materials

1.6.1 Bio-MEG
1.6.2 Bio-PTA
1.6.3 Bio-PET
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B: Chemical Basics Esterification and Polycondensation of Industrial Polyester Production

Content

1. Introduction PTA-Process
1.1 Paste Preparation

1.2 Esterification

1.3 Prepolycondensation
1.4 Polycondensation

C: Polyester Production Melt Phase Technology — Continuous PTA processes
Content

1. Process type comparison

2. Equipment comparison aspects

3. Energy and raw material consumption
4. Summary process comparison

5 Examples of PET plant concepts

D: PTA - based polyester process - Technical Plant Chemistry — using the example of ata conventional 4-
reactor process of “Z”-type

Content

1. Introduction

1.1  Process description
1.2  The process chemistry under continuous mode and steady state conditions
1.3  Response time of steady state systems
2. Esterification
3. Prepolycondensation
Polycondensation

4,
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E: Solid State Polycondensation of Polyester - SSP

Content
1. Introduction

2.  Polymer Parameter
~Co-monomers
~Acetaldehyde (AA)
~Crystallization behavior
~Degree of crystallization and size/shape of crystals and spherulites
~Pellet storage after granulation
~Microscopic pellet surface properties
~COOH end groups
~Catalyst

3. SSP Process
~Crystallization
~ Primary crystallization
~Heating velocity during primary crystallization
~Secondary crystallization
~SSP-Temperature and Process time
~Process gas
~Moisture of amorphous pellets
~Dimensions of polymer pellets
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4, Industrial SSP Processes — Discontinuous
~Advantages:
~Disadvantages

5. Industrial SSP Processes — Continuous
~ First or pre-crystallizer
~ Secondary or final crystallizer
~ SSP reactor
~ Cooler / Deduster
~ Pellet conveying system
~ Gas cleaning unit
~ The new horizontal SSP process
~ New jumbo fluidized bed pellet cooler

6. Some lay out examples from market SSP technology
~ UOP SINCO'’s Process
~Continuous SSP lay out, principle HOSOKAWA BEPEX
~Continuous SSP lay out, principle BUEHLER / POLYMETRIX
~Continuous SSP lay out, principle UIF
~Continuous SSP lay out, principle Shell
~ Continuous crystallization lay out, principle Cipriea, M&G new process

7. Melt to Resin (M2R) or SSP?
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F: Criteria Influencing Quality and Purity of Polymer Melt During Polyester Production

Content
1. Introduction
2. Raw material handling and conveying

3. The regime of product control — Line and process design
~ Plug flow and dead spots

~ Leakages

~ Oxygen
4. Build-up of inhomogeneity caused by additives
5. Pelletizing

6. Production regime
~ Melt filtration
Textile polyester
Bottle polyester
7.  Analysis/measurement of impurities
~ Filtration test
~ Optical methods

G: Polyester oligomers

Content

1. Polyester oligomers - molecular composition and properties

2. Analytical determination of polyester oligomers

3. Oligomer generation and re-generation, during polymer production and melt processing
4. Oligomer impact to product and processing
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Content

1.  P-Stabilizer

2.  Functions of P-Stabilizer in the PET process

3. Quality improvements

4.  The stabilization by triethyl phosphonoacetate (TEPAC) as example of P-ester and phosphonates

~ advantages of TEPAC — Comparison to H3PO4 and TMP
~ Some Chemistry
~ Feeding Technology
~ TEPAc in recent publications
5. Antioxidantien — some examples

J: Semi Crystalline Behavior of Polyethylene Terephthalate
Content

1. Polymer Crystallization — General

1.1 Morphology of der polymer crystallinity, crystals, spherulite, crystal structure

1.2 Thermal crystallization from amorphous state

1.3 Stress induced crystallization, impact of melt orientation, tension, relaxation

1.4 Methods to analyze crystallinity, crystallization and orientation (IR, NIR, NMR and others)
1.4.1 Density gradient column

1.4.2 Dilatometry

1.4.3 DSC, discussion of DSC readings, first and second run, quenching

1.4.4 X-ray scattering, WAXS, SAXS

1.4.5 Microscopy, visible light,

1.4.6 Birefrigerence (orientation)

1.4.7 Polarized IR measurement

1.5 Impact of polymer composition to crystallization (Mw, co-monomers, additives, moisture, thermal history
1.6 Aging and crystallization (free volume impact)
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K: Film Production - the BOPET-Process
Content

1. Raw materials — film resins
~ Film quality in general, IV, DEG, melt purity
~ Film additives: antiblocking /slip agents, pinning
2. Conversion of PET granulate — its way through the BOPET film line
2.1 Pellet storage, handling and transportation
2.2 Drying of amorphous pellets
2.3 Extrusion
3. Alteration/change of polymer properties and polymer quality during processing
3.1 Mechanical causes of material alteration
3.2 Chemical causes of material alteration
4. Recycling of side stripes and film waste
5. BOPET and A-PET direct film production
6. Ultra thin BOPET film<3—-0,5 um
7. Film line process parameter and impact to crystallization and crystallinity
7.1 Melt treatment, melting process (T, p, t)
7.2 Casting die, chill roll

7.3 MDO

7.4 TDO

8.  Crystallization and crystallinity impact to film properties
~Shrinkage
~Elongation
~Tensile strength and E-modulus
~Transparency
~Bowing

~Permeability
9. Recommended literature sources
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L: PET — Catalysts: Antimony and Non-Antimony Catalysts in Polyester Productiom POLVESTER TECHROLOGT

Content

Introduction
Antimony

2.1 The antimony catalyst family and their development in the market
2.2 The catalytic activity of antimony during the entire process chain ~esterification, ~“polycondensation , ~SSP
2.3 Antimony precipitations - source of turbidity and graying
# hydrolysis
# reactions with phosphorous
# other reactions
2.4. Accompanying metals and their impact
2.5 Catalyst feeding
2.6 Catalyst preparation
2.7 Antimony and polyester down stream processing effect
# bottle blowing
# bottle application
# spinning
2.8 Antimony catalyst production, ATO, ATA, ATG
3. Introduction of new non antimony catalysts
3.1 Ti-based catalysts, recent status
3.2 Some application experience of Ti-catalysts
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M: PBT, PTT, PCT and CHDM co-Polyester (PETG) based on PTA
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Content

1. Introduction

2. PBT

2.1 Process

2.2 Properties, applications

3. PTT

3.1 Process

3.2 Properties, applications

4. PCT and CHDM co-polyester (PETG)
4.1 PCT

4.2 PETG

5. General thoughts about polyester process development
6. Appendix

N: Polyester Additives
Content

1. Methods of additive feeding and distribution
2. Colorants

3. Gas barrier

4. Fast reheat - FHU

5. AA-Scavenger

6. Crystallization enhancer

7. Antiblocking and slip agents

8. Antistatic

9. Pigments — white and black

[EEN
=

UV-barrier, UV protection, optical brightener
11. Pinning additive
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O:
Content
1. PET Recycling — Introduction Zero Waste Technology (ZWT) concept
2. Discussion of different perspectives/problems about ZWT
~ The investment phase
~ The plant management
3. Main focus of fiber in-house recycling is keeping all kinds of waste clean
~ Waste collection
~ Sources of waste generation (example PQY direct spinning)
~ Waste handling and logistics
4. Different approaches of in-house waste recovery
4.1 Reuse as polymer by mechanical recycling
4.2 Partial glycolysis and re-polycondensation
4.3 Waste handling and storage
4.4 Waste recovery process steps
5. Molecular weight (IV) change of polyethylene terephthalate (PET) during mechanical recycling processes
5.1 Intrinsic Viscosity (IV) as important PET quality feature
5.2 Comparison of processing impacts to IV
5.3 Technology and process examples
5.4 Summary
6. Effective waste recovery - process suggestions
7. Summary
8. Appendix: Experiences of the author in fiber recycling (selected example projects
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P: Polyester Chemical Recycling - Challenges and Hurdles to enter Industrial Scale
Content

1. Current status of industrial scale chemical polyester recycling

Technologies available for chemical PET recycling

2.1 Chemical recycling of polyester by glycolysis to produce BHET — 2(2-hydroxyethyl
terephthalate)

2.2 Chemical recycling of polyester by methanolysis producing DMT

2.3 Chemical recycling of polyester by hydrolysis producing PT

3. Economy, logistic and process hurdles entering a stand alone polyester chemical recycling project based on

3.1 Economy hurdles

3.2 Logistic hurdles

3.3 Process hurdles

4, How to reduce the entrance barrier for investors to enter polyester chemical recycling?

5. Summary

=
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