
PBT, PTT, PCT and CHDM co-Polyester (PETG) based on PTA
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1. Introduction

Even thought the inventors of polyethylene terephthalate PET included to their polyester laboratory synthesis the other linear 
polyesters like PBT and PTT it took nearly another half century until PBT and PTT had been produced at substantial industrial scale. 

First large continuous PBT plant was erected in the 1985 by ZIMMER for General Electric Plastics (now SABIC) applying a double 
drive disc ring reactor. 

The process was based on DMT and 1,4-BDO at that time. It took another twenty years until PBT experienced a substantial growth 
and now about two decades later its  capacity will hit the annual production of 1 Mio t/a soon.

More hesitant was  the development of PTT where the first large scale continuous plant was erected in 2001 and started up around
2004 by PTT Poly Canada Ltd. 

With a capacity of 260 t/d and shut down  in 2009 unfortunately:

This first industrial scale PTT production was too early and the market could probably not absorb the PTT-polymer at that time.

The facility was later bought by SELENIS, converted to PET and restarted in 2011 to produce PET bottle resins. 

This PTT capacity of 2004 could easily be absorbed by the market nowadays. 
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http://www.newswire.ca/news-releases/ptt-poly-canada-ceases-operations-537261201.html
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The PCT polyester, based on PTA and CHDM, known as a development of  Eastman (ESTAR) are now produced by Ticona/Celanese 
under the brand name THERMX and especially used in engineering plastics application, for instance as PC-compound.

Besides pure PCT which is remaining as engineering resin a niche product, the co-polyester of PCT, namely the amorphous PETG 
had been boosted by the fast growing packaging market.

This development was supported by the fact that CHDM  is  a useful co-monomer to produce standard PET bottle resins.

Each of the discussed linear polyesters has its special production and property problems which makes it difficult to switch a PET 
dedicated production line to these polymers.
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2. PBT   - poly (butylene terephthalate)

2.1 Process

The development path of the  industry synthesis of PBT was 

~ discontinuous process, based on DMT + 1,4-BDO

~ discontinuous process based on DMT + 1,4-BDO + subsequent discontinuous SSP to achieve IV of 1,3 dl/g

~ continuous process, based on DMT + 1,4-BDO applying double drive reactor to IV up to 1,3 dl/g

~ continuous  process, based on PTA or DMT + 1,4-BDO, cage and disc ring reactor, IV up to 1,3 + coproduction of THF

The THF is formed mainly during esterification by proton catalyzed dehydration of free 1,4-BDO and by chain back biting of the BDO 
end-groups. 

THF – air mixtures are extreme potentially explosive (EX-class II B/ T3) comparable to H2S – this is the main reason of high costs for 
changeover a PET-plant to produce PBT. 

The dual use of a plant to produce PET or PBT must be included in the initial engineering.

DMT-process: 1 – 3 % THF, formed together with methanol mainly during transesterification, separation from methanol by 
distillation, appears mostly as waste to burn → losses of 1 – 3% 1,4-BDO, purification not economical 

PTA-processes: 7 – 12 (and higher) % THF, separation of THF from water and 1,4-BDO by specially designed distillation equipment, 
THF purity of ≥99,95% (further purification to polymerization grade THF, e.g. < 200 ppm H2O possible). Solvent in paint and coating 
production.
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Reduction of THF formation: optimal molar ratio PTA:BDO paste, intensive paste dispersion, paste temperature, pressure ES, ES
staged 

→ reduction of back-mixing ,heat transfer area, temperature heating oil, catalyst feeding e.g. split-feeding – these details are know 
how of the process licensor.

Most catalyst utilized in esterification and polycondensation: Ti(OR)4 , to improve light stability alkaline co-catalysts and organic UV-
stabilizer are applied.

To further increase the IV of PBT for special applications the SSP process  is commonly used. 

SSP process condition are for instance: start IV 0,85 dl/g, temperature 190°C, dry nitrogen , time 10 hours, final IV 1,47 dl/g.
SSP temperature up to 200°C possible. 

Under large scale conditions IV-lift-up of 0,50 dl/g at reaction temperature of 198°c and residence time of 780 min are realistic
(COOH ~ 10 mequ/kg, catlyst Ti)

The addition of a SSP line to produce the whole  IV-range is a useful opportunity especially for changeover of PET production lines to
PBT without the expensive replacement of finisher to high melt viscosity 

double drive or cage reactors To reduce hydrolytic degradation the COOH-endgroups are capped for special application. COOH
concentration of commercial PBT ; 

IV 0,86 = 35 mmol/kg, end-capped PBT IV 0,87 dl/g 1 mmol/kg.
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2.2 Properties, applications

PBT is available in three IV ranges in the market:
< 0,70 dl/ spun-bond, melt blown

~ 0,80 dl/g filament, fiber spinning

~ 0,95 dl/g carpet, BCF, engineering plastics, compounding, masterbatch matrix

~ 1,20 dl/g engineering plastics, compounding,

> 1,20 dl/g monofilaments, fence wire, compounding

The majority of the produced PBT polymer is used in engineering plastics mainly as compounds in automotive, electronic 
and extrusion. Textile application is in minority. 

PBT is also used as component of biodegradable polymer compounds.
Of interest for the downstream processing of PET is the correlation between IV, melt temperature and shear rate which is 
demonstrated in figure 1:

Figure 1: Melt viscosity of PBT in correlation to IV and shear rate (internal data)
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3. PTT  - poly (trimethylene terephthalate)

3.1 Process

~ Raw material

Different to PET and PBT the sources of 1,3-PDO has been limited in the world market over a long period. 

Dominant are even today Shell (EO hydroformulation route) and DuPont (Degussa – propylene/acrolein route and bio based 
PDO with Lyle&Tate). 

The first PTT-trials of Zimmer took place with PDO produced by Degussa.

“The leading players today of this industry are DuPont Tate & Lyle Bio Products Company, LLC (U.S.), Shell, Metabolic 
Explorer SA (France) license to SKC, Zhangjiagang Glory Biomaterial Co. Ltd (China) and Zouping Mingxing Chemical Co., Ltd 
(China), and others have been profiled with their recent developments and other strategic industry activities.” 

(source :http://www.marketsandmarkets.com/Market-Reports/1-3-propanediol-pdo-market-760.html)

This means there is a high entrance barrier for any new-comer, quite apart from the protected polymerization process 
technology . 

Important to mention that PDO is increasingly produced from bio-based raw materials (DuPont). This is another important 
driving force to boost the PTT development.

It might take some more years only until also bio-based  PTA is available in large quantities to competitive prices which will 
provide the challenge to produce PTT-textiles based on 100% biological raw materials.
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The development path of the  industry synthesis of PTT was

~ discontinuous process, based on DMT + 1,3-PDO development stage

~ discontinuous process based on DMT + 1,3 PDO + subsequent discontinuous SSP*) to achieve IV of 1,2 dl/g

~ continuous process, based on PTA + 1,3-PDO applying disc ring/cage reactor to achieve IV 1,2 dl/g

*) special precautions are required to avoid dust formation caused by brittleness of low-IV PTT

Different to PET production the purification of split-PDO by fine-distillation is required. 

The purity of BDO is the key in general to produce high quality PTT-polymers. 

Process example to produce PTT at a discontinuous 2-vessel plant

MR PTA: BDO 1:1,2

Heal VE-reactor: 30%

Catalyst ES: TiBu/TiSi 50 ppm Ti   (ES in presence of antifoam)

Co-Catalyst Co(ac)2 20 ppm Co

Antiox. Irganox type 300 ppm

Stabilizer Phosphonic Acid 20 ppm P

Catalyst POLY TiSi 50 ppm Ti

Temp. ES: 265°C ; PP:255°C ; POLY 263°C

Finisher: disc-ring type, final IV 1,35 dl/g and higher

COPY RIGHTS PROPRIATORY TO:  Dr. Thiele Polyester Technology; FOR INTERNAL USE ONLY 



~ Side Products

Similar to the PBT-process where the hurdle is the generation of THF the synthesis, melt processing and application of PTT is 
as well connected to the undesired destruction products of PDO which are acrolein and allyl alcohol. 

Both substances are 
highly toxic. During the development of the  PTT-process it took some time until the full significance of this side reaction 
was recognized , understood and technically overcome.

In “Polyesters and Polyamides” by Gupta et. al. we find the following:

Source: 
https://books.google.de/books?id=VgmkAgAAQBAJ&pg=PA20&lpg=PA20&dq=polypropylene+terephthalate+producers+PTT&source=bl&ots=GBNXEKrttc&sig=BLld6TOl6fTiN5rg4wBQN
uxiGZ0&hl=de&sa=X&ved=0ahUKEwjuyZjo25PNAhULVywKHbBeCQoQ6AEIRjAE#v=onepage&q=polypropylene%20terephthalate%20producers%20PTT&f=false

Toxic risk of PDO destruction products:
MAK*) acrolein : 0,1 mg/m³

MAK HCN (as comparison example) : 2,1 mg/m³

MAK allyl alcohol :  4,8 mg/m³
*) MAK comparable to BEI – Biological Exposure Index
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During the PTT-development the acrolein and ally alcohol generation problem, especially during melting and application 
(for instance as carpet yarn by exposure to UV-light)  was resolved by the invention of USP 6,509,438  where process 
conditions are described to reduce the dipropylene glycol content (as one defenitly known source of acrolein). 

At the same time the application of antioxidant substances is claimed.

~ changeover of PET-lines to PTT

There are two routes to synthesise PTT: the transesterifi-cation of dimethylterephthalate (DMT) with PDO and the 
esterification route starting with terephthalic acid (PTA) and PDO - these are similar to PET synthesis. 

As a consequence, it is possible, in general, to convert existing PET production facilities to produce PTT. 

The easiest way is to use an existing redundant PET batch-plant. 

In any case, it is necessary to have a separate PDO rectification unit available. 

Depending on the design of the polycondensation reactor, it is possible to produce PTT of an intrinsic viscosity, in a range of 
0.65-0.85dl/g. 

More complicated, but still possible, is the conversion of a continuous polycondensation plant from PET to PTT.
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In case the molecular weight of the PTT out of the melt-phase polycondensation is too low it is also possible to increase it 
afterwards by solid-state polycondensation (SSP). 

Technology and equipment for the SSP of PTT are again very similar to those of PET solid-state polycondensation 
processing. 

Finally, the best but most expensive solution is to build a polycondensation line that is tailor made for PTT. 

There are reliable equipment and matured melt-phase polycondensation technologies from leading engineering companies, 
including Technip (former Zimmer) and Inventa-Thyssen Krupp - to produce PTT, to high quality, on continuous lines.

To reach the desired intrinsic viscosity in the melt-phase polycondensation, the finisher equipment, as used in PBT 
production, is useful for PTT.
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3.2 Properties, application

The applications of PTT are to be found mainly in the textile industry. 

Until now, all of the common fields or textile application, including filament yarns, stable fiber and bulked continuous 
filament (BCF) for carpets are in an intensive development phase. 

The most welcome property of PTT filaments and fibers is their rubber elasticity in a range of 10 – 12 % which allows to 
replace SPANDEX in a certain range (in PTT textile application  FENC is involved). 

There is a large number of publications available concerning the application profile of PTT filaments and fibers. 

Applications of PTT described by Hi Liu et. al. under 
https://books.google.de/books?id=uDQnVfmqZbwC&pg=PA422&lpg=PA422&dq=application+of+PTT+filament+and+fibers&source=bl&ots=6iV6krO5XU&sig=kVjY3TWoXx1TMbI8_jimD
UWCvfY&hl=de&sa=X&ved=0ahUKEwiFh-z3qrnNAhUiCZoKHSbbBNMQ6AEIODAC#v=onepage&q=application%20of%20PTT%20filament%20and%20fibers&f=false

Some polymer data for the processing are collected in figure 2 / slide 10. For extrusion spinning the polymer is carefully to
dry to moisture content < 80 ppm.
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https://pure.tue.nl/ws/files/2168430/200711948.pdf
“Study of the THF formation during the TPA-based  synthesis of PBT “ by Jan Devroede

Polymer properties of linear polyesters
P O L Y E S T E R  T Y P E

FIGURE PTT PBT PET PEN
IV [dl/g] 0.7–1.2 0,85-1,40          0.55–1,00                0,45-0,70
TG [°C] 50–60 30-50 76–80 120-128
TK [°C] 80-120 80-120 130-150 140-170 
TM [°C] 226–229      222–232 248–258 265-270                                                                             
Crystallisation nn nn 1 h at 150°C 1h at 170 °C
Drying temp. [°C] 125 140 160 170
Time [h] 6  6 6 7
Extrusion Zones [°C]  240–270                   240–270 280–295 295 - 305

Figure 2: Data collection of some polyester properties
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4. PCT and CHDM co-polyester (PETG)

4.1 PCT

The availability of highly purified  raw materials - in case of PCT the CHDM - is THE successfactor to produce PCT and CHDM-
copolyester like PETG. 

Basie material to produce CHDM is DMT which is converted to CHDM by catalytic pressure hydrogenation. Like all catalytic 
processes the reaction result depends on reaction conditions and kind of catalyst.

First CHDM synthesis on industrial scale was developed by former Hüls-Werke (Germany). Based on this Eastman developed PCT 
also on industry scale.

Common application for crystalline PCT are engineering plastic compounds and for PETG shrink film, transparent sheet and 
bottles.

Similar to PET the raw materials of PCT polymers are DMT or PTA as di-acid component and CHDM as diol component:

DMT + 2 CHDM → 2 MeOH + TA-CHDM-ester → PCT + CHDM

PTA + CHDM → TA-CHDM-ester + H2O  → PCT + CHDM
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Esterification of PTA and CHDM:

feed MR: 1: 1,2, paste temperature ~ 80° - 100°C, catalyst: Ti(OR)4 or TiSi, temperature 260 – 290°C, conversion until 
reaction water is about 95%, stabilization with phosphoric- or phosphorous acid and antioxydans, prepolycondensation and 
polycondensation in presence of ~ 300 ppm antimony + Ti as catalyst, temperature ~ 305°C, final IV ~ 0,60 dl/g

General problems of PCT process:

→ like all linear polyester the thermal ester bond destruction of PCT is increasing above 295°C significantly

→ the process reach the equilibrium between polycondensation / chain building and thermal destruction /chain destruction after 
short reaction time at 300°C.

→ relatively high melt viscosity of PCT is reducing bubble mobility → reduced CHDM removal

→ the molecule volume of CHDM in the chain (bulkiness) reduce the chain mobility and increase the melt viscosity → early 
process termination to allow regular discharge

→CHDM is undergoing under reaction conditions de-hydration / de-hydroxylation / de-methylation → generation of mono-
functional, non-reactive destruction products

→ consequence: termination of polycondensation at lower IV / after short residence time / (40 – 60 min at 295 – 305°C)

→CHDM thermal destruction proton catalyzed → DMT process in advantage over PTA-process→ process control to minimize 
COOH concentration important

→higher  catalyst (Ti) concentration to increase conversion rate, addition of radical termination additives, special process design  

→ finishing the PCT to the desired IV by SSP, reaction temperature 220°C, nitrogen, 
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There are two options to overcome the general hurdle of process temperatures in the range of 300°C:

Frist option: addition of co-monomers, from literature the addition of IPA up to 50 mol % is lowering the melting temperature.
Until a certain percentage of IPA (10%) could maintain crystallinity and lowering the melt temperature

John Scheirs, an independent polymer consultant from Melbourne, Australia and Timothy A. Long, professor of Virginia Tech (USA) 
from 1987 – 1999 Senior and Principal Chemist of Eastman published deep and detailed description of the PCT, co-PCT and PETG-
process in 

“Modern Polyesters: Chemistry and Technology of Polyesters and Copolyesters”.

In Google to find under:
https://books.google.de/books?id=ZgxgZ5vfxTkC&pg=PA
267&lpg=PA267&dq=cyclohexandimethanol+cis+trans&s
ource=bl&ots=DrIGEtmdIr&sig=XzoGH_mRrKzjW9VzFSR0
YracbaM&hl=de&sa=X&ved=0ahUKEwje9Y_zip3NAhUGV
SwKHU8-
D1U4ChDoAQhQMAc#v=onepage&q=cyclohexandimetha
nol%20cis%20trans&f=false
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One interesting detail of this publication is the correlation  melting temperature and cis-trans ratio of CHDM. 

As one can see in figure 3 the cis/trans ratio of  50:50  is reducing Tm to 272°C which would reduce the process problem of high 
process temperature.

The market CHDM from different sources is 30% cis-CHDM and 70% trans CHDM.

As option to intensify the PCT / PETG / CHDM business there is the possibility to stepping in production of CHDM because there 
are expired patents of the DMT-hydrogenation  available.

By doing so, the process and catalyst design offers the possibility to produce tailored CHDM for internal consumption

The company EPC in Germany (www.epc.com)  has made a 
study of this process recently.

The slides 18 and 19 containing a snap shot of  EPCs 
CHDM synthesis study showing the pressure 
hydrogenation of DMT.

the description of this study is part of this workshop 
documents.
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4.2 PETG

The PETG as CHDM modified polyester is usually completely amorphous, Tg ~ 75 -80°C, drying in dry air up to 70°C, processing 
at 220 – 260°C, highly transparent, application in bottle, packaging and shrink film mainly.

Widespread meanwhile is the amorphous co-polyester PETG with about 20 – 30% CHDM which is mainly used for packaging 
applications.

Besides Eastman and SKC there is substantial PETG production in China (Weifang Xinqui, Shanhai Worldbest) anf Taiwan (FENC). 

A number of PETG-like amorphous co-polyester containing CHDM and other co-monomers like NPG, chin branching monomer 
like pentaerytrithe and others.

The process  to produce PETG is in general comparable to the production of PET whereas the final IV / melt viscosity is higher 
(range of 800 – 1000 Pas at 265°C, (IV 0,78 dl/g at 285°C 15 1/sek eta= 433 Pas 

# production on discontinuous agitator type finisher to IV  about 0,65 dl/g → not useful for packaging

# production on continuous polycondensation lines required
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4.2 PETG

# final  IV 0,75 – 0,85 dl/g

# because of thermal CHDM destruction (see slide 15) polycondensation temperature should not exceed 270°C

# catalyst Ti, combination with Sb possible, P-stabilizer TEGPAT or TEPA, for color optimization 10 – 20 ppm Co or toner

# as lower PK temperature as better the MW build up (thermal degradation suppressed)

# external CHDM/MEG recovery preferred to remove mono-functional CHDM degradation products

# special finisher to cope with high melt viscosity like double drive (Technip) or cage (UIF) required 

# CHDM preplacement by IPA, NPG, 2-Methyl-1,3-propanediol, DEG, PENTA…. Possible, but difficult to reach the same polymer  
performance compared to Eastman or SKC G-PET  

# And: as more different co-monomers are used as more confusing the process, especially the diol circuit of continuous process
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5.       General thoughts about polyester process development 

Some general ideas to the technical process development of linear polyesters like for instance PBT, PBN, PTT, PCT, PBAT, PBS, PETG 
and the introduction of new catalyst /stabilizer systems:

Initial step: laboratory trials under ideal conditions means 

# discontinuous / batch reaction 

# highly purified raw materials 

# complete removal of split off /destruction  products / excess diol / low boiler

# resulting polymer for analysis (chemistry, mechanical) 

Second step: conversion to batch poly of bench scale size (up to 10 kg)

# discontinuous / batch reaction

# comparison highly purified raw materials and industry like raw materials

# reaction start with raw material lie melt of DMT+diol or diacid + diol slurry

# process column integrated, removal of low boiler, removal of excess diol

# resulting polymer for analysis and first application testing
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Depending which process mode – discontinues or continuous of industry scale –the target is

Third step discontinuous: conversion to batch poly of pilot scale (up to 2 t/batch – two vessel pilot plant esterifyer + poly reactor)

# discontinuous / batch reaction

# industry like raw materials

# transesterification  with or without heel, reaction start with the complete raw material or
start with ~ 30 – 50% and continuous DMT/diol mixture feeding

# esterification always with heel ~ 30% from former batch (very first batch using pressure esterification) and 
continuous paste feeding

# process column integrated, removal of low boiler, removal of excess diol

# process adjustment to equalize reaction times (pot-life) of ES and POLY

# first trials of external recovery of diols from vacuum phase PP and POLY

# first trials to reuse externally purified diols

# resulting polymer for analysis, application trials and followed processes like SSP, polymer recycling
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Third step continuous: conversion of process results from batch trials to the design of continuous pilot line,
standard: paste mixing vessel → ES → final ES+PP → POLY four vessel version from 2 kg/h to 200 kg/h

# continuous / batch reaction

# industry like raw materials

# continuous DMT/diol make up feeding / or continuous diacid + diol paste

# process column integrated, removal of low boiler, water / MeOH
removal of excess diol, external recovery and reuse
removal of excess diol and direct reuse in paste make up / DMT+diol make up

# variation of catalyst / additive feeding points (DMT + diol mixture or paste mixer, ES, PP, transfer line PPE→ POLY

# resulting polymer for analysis, application trials and followed processes like SSP, polymer recycling

Especially for PET or  co-PET catalyst development: 

To shorten development time significantly  downscaling of reaction conditions and intermediate material / feed materials 
composition from industry scale is useful. 

The early investigation /research about side products / thermal destruction products /water impact to the process is to include as 
early as possible.
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6. APPENDIX

License/process owner or producer of polyester /co-polyester raw materials in high purity AND  bulk quantity like for instance

Propanediol-1,3 → PTT 
Adipic acid → PBAT
Hexamethylene diisocyanate (HDI) → biodegradable co-PBAT
Sebacinic acid → PBST 
1,4-Butandiol → PBT
Isophthalic acid → co-PET, co-PCT
Cyclohexanedimethanol → PCT, PETG
NaSiP  5-Sodiosulphoisophthalic Acid or methyl ester → CD-PET,
LiSiP 5-Lithiumsulphoisophthalic Acid or methyl ester → CD-PET, special co-PET for compounding
Neopentylglycol → PETG similar low crystallizing co-PET
NDA or NDC → PEN, co-PEN
Methyl or Phenylphospholane or derivatives → FR-PET
bio-based MEG, PDO, 1,4-BDO, PTA → plant based fiber, filament film, bottle (“PlantBottle Coke)

Ti(Cl)4 → base of Ti-catalysts
Sb(Cl)3 → base of Sb-catalysts

provides key position  to produce special polyester and co-polyester or participating at the value added chain significantly. 
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