
PTA - Based Polyester Process - Technical Plant Chemistry  

using the example of a conventional  4-reactor process of “Z”-type
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1. Introduction

~ The polyester production process will be demonstrated on state of the art “Z”-type technology. The industrial   
plant design is segmented in six different main reactor stations and several auxiliary service systems which are 
connected by pipes and in which raw materials, the product, split off products and auxiliary materials are 
moved by pumps or by differential pressure. 

~ The process is operating continuously, interruptions are only caused by accidents like power cut or 
equipment failures and by maintenance after an average operation time of  two years or more. 

~ Chemical main reactions of the polyester process are equilibrium reactions which means the progress of the 
chemical process is driven by the equilibrium conditions which are changing from reactor to reactor

~ The target is to operate the plant under complete steady state conditions to maintain the complicated 
reaction mechanism within a narrow control window

~ Each single reactor or service system is a separate, in steady state mode operating system 

~ The whole continuous PET-plant  is a steady state system existing of chains and loops of  interlinked and 
independent  steady state systems
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2.   Process description

Step 1 - PASTE PREPARATION

The first step of the process is the mixing of the reaction partner PTA and 
make-up MEG (virgin MEG + recycled MEG) together with the necessary catalyst (Sb + Co) and  the 
feeding of additives like, DEG, toner and FHU-additive. This step is prerequisite for smooth and 
constant chemical reaction between PTA and MEG. The paste mixer guarantees and maintains:

 → the correct molecular ratio and concentration of the reaction partner

 → the homogeneous mixing of the reaction partner and

 → the sufficient handling and dosing of the raw materials

 → buffer volume to overcome problems of the dosing and feeding devices

 → buffer to overcome downstream process interruptions

It is matter of process philosophy to decide for a past mixing vessel of substantial volume (process 
inertia) or for direct paste preparation by turbo/jet mixer (highly dynamic) systems.
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Chemical consequences paste preparation:

→ Most important during paste preparation are physical processes like surface covering  / surface wetting 
and capillary penetration of EG into TA

→ Paste residence time and mixing intensity are of significant impact to surface wetting

→ Impact of the water content in spent MEG to solubility of TA not well studied 

→At temperatures of 50 – 90 °C  one can expect a solubility of TA in the spent MEG which is containing about 
1 - 2% water 

→ pH of the paste slurry will be in a range of 3 – 4 

→Temperature of the paste impacts the paste viscosity and the esterification  velocity by additional heat 
energy input

→ Chemical reactions of additives fed to the past like antimony catalyst, P-stabilizer, color toner or TiO2  
largely unknown
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Step 2 - ESTERIFICATION 1

The first step of PET production process is the esterification  (ESTER 1) of Purified Terephthalic Acid (PTA) with 
Mono-Ethyleneglycol (MEG). 

During this step about 80 – 92 % of the PTA and MEG are converted to the esterification product by 
generation of process water.

This step takes mostly place under elevated pressure  of 2 – 3 bar and at temperatures in a range of 255 – 
260°C. 

During the esterification about 70 - 80% of the DEG are generated.

This means the first esterification is an important process step where minimal changes  only of process 
conditions will impact the whole process adjustment significantly.
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Step 3 - ESTERIFICATION 2

In order to guide the chemical reaction of polyester synthesis stepwise under reasonable plug-flow conditions 
after ESTER 1 a second esterification step  (ESTER 2) is connected. 

During this step the conversion rate of PTA and EG is increased to about 98%. Most of the free MEG and nearly 
all free PTA is converted during this step. The second esterification is also an equalizing and further 
homogenizing step. 

This step takes place under ambient pressure and temperatures of about 258 - 265°C.

Modern plant design combines ES1 and ES2 in one reactor by internal chambering

Step 4 - PREPOLYCONDENSATION

To provide a smooth transition between normal pressure and high vacuum conditions in the polycondensation 
and to keep the foaming in the finisher on a reasonable level the third step is a so called prepolycondensation 
(PP) where at the one side the conversion is further ongoing to > 99% and at the other side all low-boiler 
like EG, H2O, AA and ester are removed. 

This step takes place under reduced pressure of 10 – 30 mbar and the temperature will slightly increase to
268 -  275°C
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Step 5 – POLYCONDENSATION

The final step of the process is the polycondensation (POLY), where the polymer molecules with the 
desired chain length are generated and homogenized. 

This step is operated under a vacuum of about 1 mbar and temperatures between 275 and 285°C under  
removal of MEG and water together with lower amounts of low  boiler like AA. 

The melt is pumped after the finisher via melt filtration to the underwater pelletizer.

During the polycondensation step the properties of the reaction mass are changing significantly, 
especially the melt viscosity is increasing to about 200 – 300 Pas. 

Therefore changes of process conditions during the polycondensation step are of 
strong impact to the final product quality.
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SIDE STREAM PRODUCT

Step 6 – MEG SEPRATION COLUMN – MEG CIRCUIT

Next to the main product flow a process column is distilling the process steams of ESTER 1, ESTER2 and PP 
to separate the water as main side product from MEG. 

With this operation the process column is an important part of the reaction system and responsible for 
sufficiently distilled MEG quality as well as for lowest possible losses of MEG in the distilled process water. 

To recycle back as much as possible MEG a scrubber column is connected to the process column. 

Here 3-methyl-1,2-dioxolane (MDO) is transferred to MEG and AA and the MEG is fed back to the process

Total MEG recycling: Virgin MEG → MEG vacuum jet → make up MEG (column MEG + virgin jet MEG)
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Step 7 - AUXILLIARY PROCESS SYSTEMS

→ MEG collection system and total recycling
     This is a system of tanks, pumps and pipes which is handling the total MEG recovery
     of the process. One has to remember, that any technology change will also impact the 
     composition of the circuit MEG → long response time of the system

→ Vacuum generation system existing of MEG-evaporator and MEG-jet-pumps
     This system is generating the process vacuum for the prepolycondensation 
     and the polycondensation, the MEG-evaporator is fed by virgin MEG which is after first
     condensation fed to make-up-MEG vessel →  the paste mixing

→ HTM heating system and HTM distribution

→ Catalyst and additive preparation and dosing systems

→ Cooling water and cutter water preparation and distribution system

→ MEG storage tank

→ PTA / IPA storage silos

→ PET amorphous chips intermediate silos

→ Waste water treatment

from step 1
until here
steady state
system !
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1.2  The process chemistry in continuous mode and under steady state conditions

# Steady state process condition means that the chemical reaction of an industrial process is coming to an 
equilibrium under constant feeding and removal of reactions partners and under consumption or creation 
of heat by chemical or mechanical energy

# Not chemistry but mechanical, electrical and electronically driven and controlled equipment units are 
dominating the steady state conditions

# Chemical base reactions of PET process are detailed known and theoretically described

# Unknown or unexpected chemical or physical impacts only have the potential to disturb the steady state  
   conditions of the  process like 
  impurities of feed material 
  PTA particle size fluctuation
  equipment malfunction

# Within this complex the human factor is severe which means it is one decisive success factor to maintain 
or misbalance steady state conditions
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# One can compare a large continuously under steady state conditions operating polyester plant to an 
   OCEAN LINER:
 
~ The course of the liner is the current plant operation mode

~ To reach the target harbor on time is related to product capacity and quality

~ The travel speed is conversion rate

~ To change the course needs sure of instinct/experience and needs sufficient time

~ Any action is having a long response time, hectically reactions are poison

~ Any change relevant to impact the course must be agreed by the captain

~ Every sailor and mate on the liner is operating under strict control and after fixed rules

This comparison demonstrates in a good manner the desired attitude of the crew and the behavior of large 
continuous production lines, in our example a continuous operating PET-plant.
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Steady State Volume Element

ESTERIFICATION

mass/volume conversion +
thermal in- and output +

chemical reactions +
chemical properties  

T, t, p, c = CONSTANT

Input chemicals feed stream: PTA, MEG, Cat.- solid + 
liquid

Thermal energy

Mechanical energy

Output conversion product- steam (water/MEG/AA

Input chemical feed adjustment: MEG - liquid

Output conversion product- liquid

CONTROL
LOOP

CONTROL
LOOP

CONTROL
LOOP

CONTROL
LOOP

CONTROL
LOOP

CONTROL
LOOP

The steady state is  maintained
and kept going by control loops
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1.3  Response Time of steady state systems

~ To run a steady state process successfully it is important to know the response time of each single 
step and those of the total system 

~ Important part of process know how is the experience about expected effects of 
 deliberate process changes or
 random process changes/process disorder
   to product- quality and productivity

~ As more inventory by mass as longer response time → process inertia increase by increased reaction 
volume

~ Intensity / quality of homogenization internally and homogenization of catalyst / additve 

~ As more process stations in the steady state chain as longer response time

~ One has to differentiate between the first response time which depends on residence time between 
the place of process change impulse and the tracing point AND the time until the steady state is fully 
re-established
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~ As a estimated rule one can assume, that changes of recipe, throughput or 
set points will take one residence time until analytical verification is possible and meaningful , but 
minimum 24 - 36 hours until stable results are established. 

~ But one has to account that the time until the narrow range of parameter fluctuation is completely 
reestablished could take 5 days up to 8 days (EG in total recovery system)

CONCLUSION:

→    Any change of steady state conditions and therefore also the analysis of quality figures of 
intermediate and end products are jobs of high importance and responsibility - because the long 
response time is danger for high production risk in case of incorrect results
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PASTE

ES1 ES2 PP
FINISHER

VACUUM

CIRCUIT MEG

CAT
COLUMN

MATERIAL based STADY
STATE SYSTEM

ENERGY based STADY
STATE SYSTEM

PET PLANT as STADY
STATE SYSTEM

Product
of high 
Quality

WATER+
COOLING
WATER

HTM

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



SEMINAR 

2. Esterification

Esterification 1: volume elements

Interfacial volume element

Internal volume element

Material conditions:
→PTA solid particles  not dissolved in the reaction mass
→PTA dissolved in the reaction mass
→Non-reacted EG solved in the reaction mass
→Esterified PTA of different conversion rate
→Water dissolved in reaction mass
→Water + EG in gas phases
→Gas bubbles with bubble size distribution
→Interfaces between liquid and gas phase
→ Interface solid liquid

Physical conditions:
→Temperature
→Heat transfer /transfer area (design)
→Pressure 
→Mechanical movement
→Residence time, level + throughput

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



SEMINAR 

The esterification takes place in a three phase process mode:

Reactions in a simple reaction model imagination are:

liqiud – liquid: main part is reaction of dissolved EG with solved PTA or COOH end-
                                groups, side reactions are hydrolysis of ester-groups with process water 

liquid – solid: main reaction of solved EG or OH-end-groups with the interfacial 
  surface of dispersed PTA particles

liquid – gas:  main reaction is hydrolysis of still reacted ester groups caused by 
   water in the gas bubbles

In table 1 all important reactants are collected:
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Table 1: Main reactants of the PET (poly) esterification
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SOURCE: ASPEN TECHNOLOGY INC.

Table1: Most important reactions occurring
during esterification and polycondensation of TA and EG
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Steady state process conditions -
Simplified process scheme esterification 1

n

PTA +IPA+  MEG at T  

Cat. in MEG at T2

HTM

HTM

HTM

HTM

HTM

El. power

MEG, H2O, side prod. 

cool H2O

LEVEL = CONSTANT

MEG + x % H2O

H2O x +  %  MEG

to paste preparation/ ES2

p ; T gradient

p ; T 

[kg/ h – flow]

[kg/ h – flow]

[kg/ h – flow]

kgl/ h – flow]

[kg/ h – flow]

[kg/ h – flow]

[kg/ h – flow]

[kg/ h – flow]

T

T

T

PTOCESS
COLUM
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%

%
n =

%

Progress of main reaction partner during PTA-based PET-Process – ES1
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Simplification of the complex reactions scheme ES1

MEG (+DEG)    PTA (+IPA)   = main reaction partner of esterification

HO-EG-OH  + H-OOC-TA-COO-H    →

Oligomer   R1-EG-O-[CO-TA-CO]n-O-R2            n = 1 - 5

Main kind of molecules:        H-[O-EG-O-CO-TA-CO]n-O-H

     HOOC-TA-CO-[O-EG-O-CO-TA-CO]n-O-H

                         H-[O-EG-O-CO-TA-CO]n-O-EG-OH

To continue with DEG units OH-DEG-OH instead of EG units (1 – 2 % DEG)

To continue with IPA units H-OOC-IPA-COO-H instead of TA units (0 – 5 % IPA

To continue with -O-CH2 =CH2 (-O-VEE) vinyl ester end groups instead of –O-EG-OH < 200 ppm (-O-VEE) 
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Main impact parameter during Esterification 1

General Rules:
Esterification 1 is the largest conversion step. To reach stable process conditions the conversion rate should 
be safely above 90%, in realty 91,5 – 92,5 % conversion rates are present. 

The lower the conversion rate the more instable the process and vice versa .

When we are looking in the diagram in slide 22 – circulated red - we can see that reaction progress dc/dt is 
getting drastically reduced above conversion rate > 90%.

As one can from slide 22 – circulated green - also the DEG content is mainly created in ES1. 

DEG is the main side product and it is a first target to maintain the esterification reaction in a way to 
produce low amounts of DEG. 

Low DEG content at the same time is guiding to low color b values

This requires within the design process parameter
 ~ lowest possible process temperature at the related low pressure
 ~ longest possible residence time at low temperature
 ~ total MR 1,65 – 1,8, lowest feed MR of ~ 1,00 by balancing MEG in ES2
 ~ MEG concentration free or bound as low as possible   

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



SEMINAR 

Main impact parameter during Esterification 1

DEG formation is following the equation

                            f (c-MEG, c-H+, T, t)
2 HO-C2 H4-OH                                         H2O ↑+  HO-C2 H4 -O-C2H4- OH or HO-DEG-OH

Because the DEG formation is proton catalyzed the solved and dissociated PTA and the water content solved in 
the reaction mass are of impact.

The change of PTA particle size from a coarse average to a fine average (without major process adjustments 
under otherwise steady state conditions) is followed by higher solubility of PTA in the reaction mass. 

This will cause at the one side an increased conversion rate and at the other side a higher concentration of c-H+, 
which will increase the  DEG formation. 

The consequence is a faster reaction. Within a steady state system the effect is elongation of relative residence 
time (more DEG, b-value increase, lower COOH-concentration). 

To equalize this impact several PET producers are blending two or three PTA from different sources. (Particle size 
analysis to analyze and control the process)
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ENERGY

Also from the energy design the ES1 is the reactor with the largest heat transfer area, the highest temperature 
difference between feed (~ 60°C) and product ( > 255°C) and because of the water and MEG distillation the 
highest energy consumer. 

Line capacity is most of the time limited by limited heat transfer area

Besides  this the esterification is an endothermic process and is consuming energy to drive the chemical 
reaction. 

The feed MR will impact the energy consumption too. 

As more MEG is fed as more MEG must be distilled. 

As more MEG is fed as higher the potential of DEG formation

SUMMARY:

Severe effects to ES1:
 ~ paste EG feed MR
 ~ process temperature
 ~ process pressure

Relatively low effect to ES1:
 ~ MEG backflow from column
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Esterification 2

The second esterification reactor is dedicated to balance the conversion rate and to work as a further 
homogenizer. 

As one can see from slide 29 conversion rate is slowly increased from 92 to > 98%. 

This stage is used to completely react solid and unsolved PTA and to adjust the COOH concentration. 

This adjustment is done mainly by adding MEG.

After ES2 there is no further adjustment of the COOH concentration. 

The esterification product has to  left the reactor “pre-made” for polycondensation

The effect of process temperature and residence time within the design frame in ES2 is compared to ES1 of 
minor impact. 

ES2 is therefore one possibility of  fine tuning the process.
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Steady state process conditions -
Simplified process scheme esterification 2

n

Esterification product at T  

Additive – optional

HTM

HTM

HTM

HTM

HTM

El. power

MEG, H2O, side prod. 

cool H2O 

LEVEL = CONSTANT

MEG + H2O x % 

H2O x +  %  MEG

To ES 1 / paste

p ; T gradient

p ; T 

[kg/ h – flow]

[kg/ h – flow]

[kg/ h – flow]

kgl/ h – flow]

[kg/ h – flow]

[kg/ h – flow]

[kg/ h – flow]

[kg/ h – flow]

T

T

T

PTOCESS
COLUM
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%
n =

%

Progress of main reaction partner during PTA-based PET-Process - ES2
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Simplification of the reactions scheme ES2

Oligomer from ES1: R1-EG-O-[CO-TA-CO]n-O-R2                 n = 1 - 3
(+ solved/unsolved PTA + free EG and DEG, H2O, AA)

Main kind of molecules:        H-[O-EG-O-CO-TA-CO]n-O-H

     HOOC-TA-CO-[O-EG-O-CO-TA-CO]n-O-H

                         H-[O-EG-O-CO-TA-CO]n-O-EG-OH

(because of simplification all side product intermediates are omitted) 

Average of polycondensation degree n will increase   

   R1-EG-O-[CO-TA-CO]n-O-R2  n = 2 -  10

The addition of MEG will mainly reduce the concentration of COOH end groups to the desired level 

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



SEMINAR 

Chemical consequences esterification:

→Esterification is chemically the glycolysis of terephthalic acid

→Esterification is auto-catalyzed by the protons of TA

→Esterification is a multi phase reaction, solid/liquid/gas

→Additional catalysts are rarely applied, inorganic acids would cause too high DEG generation

→ Sometimes antifoaming agents are added

→Velocity and conversion can vary in a wide range depending on reactor design and process parameter

→MR, t and p are the most important process parameter

→Normally a conversion of 85% is called main or first esterification

→Main energy consumption by process water distillation
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Chemical consequences esterification:

→Industrial esterification products are blends of monomers and low MW oligomers

→Driving force of the reaction is the shifting of equilibrium condition

→Precondensation is the seamless sequel of esterification

→New reaction type is transesterification

→As a result Pn is increasing

→For process technology most important is removal of low boiling 
    components

→Prepolycondensation is no distinguished reaction type

→Driving force of the reaction is the shifting of equilibrium conditions

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



SEMINAR 

Energy:
The energy consumption in ES2 is compared to ES1 lower because of low conversion rate in this reactor, 
low generation of process water and the low delta T between inlet and outlet

SUMMARY

Severe effect to ES2:
 ~ MR of added MEG

Relatively low effect to ES2:
 ~ product temperature and residence time
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3. Prepolycondensation

According to the wording this step is necessary prior polycondensation under vacuum.

From the background of discontinuous polyester production it was known, that  there is from ambient 
pressure till process pressure of polycondensation between 0,8 and 3 mbar a critical pressure range 
between 120 and 20 mbar. 

As soon as this pressure is reached, the reaction mass starts to boil and foam intensively. 

In case of discontinuous process this boiling and foaming is suppressed by a control vacuum ramp which 
takes about 20 – 30 min between 100 and 10 mbar

In a continuous process the pre-polycondensation is adjusted to a fix pressure in a range of 30 – 10 mbar 
(depending on vessel design). 

The design of the vessel is made in this way, that the foaming and boiling of the continuously fed
esterification product is kept in narrow limits
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Simplification of the reactions scheme prepolycondensation

Oligomer from ES2: R1-EG-O-[CO-TA-CO]n-O-R2                 n = 1 - 6
(+ free EG and DEG, H2O, AA)

Main kind of molecules:      H-[O-EG-O-CO-TA-CO]n-O-H

   HOOC-TA-CO-[O-EG-O-CO-TA-CO]n-O-H

                         H-[O-EG-O-CO-TA-CO]n-O-EG-OH

(because of simplification all side product intermediates are omitted) 

Average of polycondensation degree n will increase   

   R1-EG-O-[CO-TA-CO]n-O-R2  n = 5 -  30

There is no addition of MEG or additives in this stage.

To get information about the degree of oligomerization the analysis of IV and COOH from PP-product is 
important. 

Based on IV- and COOH- results a calculation of chain length is possible (see also process calculations)
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IV

[dl/g]

COOH-
analyz.

(Example)

[mequ{kg]

Mn

[Dalton or

g/Mol]

N

[mequ/kg)

OH-calc

[mequ/kg]

N

[average

monomer

units]

0,10 95 1089 1836 941 5,7

0,15 95 2016 992 827 10,5

0,20 95 3121 640 545 16

0,25 95 4380 456 361 22,8

0,30 95 5777 346 251 30

Table 3: Correlation of IV and Mn in prepolycondensation 
*) calculation base see process calculations, please note unaccounted for COOH and IV analysis are  
free EG, DEG, H2O, Oligomers and AA in the sample
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Steady state process conditions -
Simplified process scheme prepolycondensation

Esterification product at T  

HTM

HTM

MEG, H2O , side prod. 

LEVEL = CONSTANT

MEG + x % H2O 

p ; T 

[kg/ h – flow]

[kg/ h – flow]

[kg/ h – flow]

[kg/ h – flow]

Off Gas

Condensed MEG
back to paste mixer

Vacuum jet pump 
system
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%

%
n =

%

Progress of main reaction partner during PTA-based PET-Process - PP
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Energy:
The energy consumption in PP is compared to ES1 and ES 2 lower because of low conversion rate in this 
reactor and the low delta T between inlet and outlet. 

The additional energy consumption is  the heat evaporation of EG.

SUMMARY

Severe effect to PP:
 ~ vacuum to reach the target IV
 ~ leakage will generate color

Relatively low effect to PP:
 ~ product temperature and residence time, extended residence time
    will cause more thermal degradation (AA regeneration rate increased)
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4. Polycondensation

Polycondensation is the final step of the PET process where comparable to ES1
a significant property change of the polymer mass is taking place. 

Forced by the continuously renewing of the surface, the process temperature  and the high vacuum in 
a rang of 0,8 – 3 mbar (depending on design) the chain length is increasing from inlet to outlet of the 
finisher like demonstrated in the sketch.

Length of finisher

IV

from here increased shear and increased
helt temperature

T melt
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Process parameter for control of final product viscosity are pressure/vacuum, temperature, rotation speed 
of  disc-shaft and melt level. 

Out of this four parameter the most sensitive one is the process pressure which is therefore used to 
control the product viscosity via the online viscometer control loop.

The pressure as control parameter is mainly selected because of the very short and dynamic adjustment 
time of the pressure in the system and with this the short response time of the system compared for 
instance to temperature (very long response time), speed or level (both of medium response time). 

Temperature, speed and level are mainly used to adjust basic process conditions, for instance at line 
capacity change

Especially for bottle grade one is looking for low AA content and AA generation which is connected to 
process temperature. 

Therefore a down optimization of temperature is desired.

To minimize AA  generation the reduction of residence time in molten state  is required.

IV is limited by reactor design.
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Simplification of the reactions scheme polycondensation

Oligomer from PP: R1-EG-O-[CO-TA-CO]n-O-R2                 n = 5 - 30
( traces of AA, EG, DEG)

Main kind of molecules:        H-[O-EG-O-CO-TA-CO]n-O-H

     HOOC-TA-CO-[O-EG-O-CO-TA-CO]n-O-H

                         H-[O-EG-O-CO-TA-CO]n-O-EG-OH

(because of simplification all side product intermediates are omitted) 

Average of polycondensation degree n will increase   

 R1-EG-O-[CO-TA-CO]n-O-R2  + Oligomers  n = 70 -  100

To calibrate the online viscometer it is important to analyze IV frequently and based on an internal 
laboratory standard
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IV

[dl/g]

COOH-
analyz.

(Example)

[mequ{kg]

Mn

[Dalton or

g/Mol]

N

[mequ/kg)

OH-calc

[mequ/kg]

N

[average

monomer

units]

0,55 42 14505 138 96 76

0,58 40 15665 128 88 82

0,61 38 16974 118 80 88

0,63 36 17827 112 76 93

0,65 35 18694 107 72 97

Table 3: Correlation examples of IV and Mn in polycondensation 
*) calculation base see process calculations, please note unaccounted for COOH and IV analysis are  free EG, 
DEG, H2O, Oligomers and AA in the sample
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Steady state process conditions -
Simplified process scheme polycondensation

PP product at T  

HTM

HTM
MEG, H2O, AA. 

[kg/ h – flow]

[kg/ h – flow]

[kg/ h – flow]

Off Gas

Condensed MEG
back to paste mixer

Vacuum jet pump 
system including
vacuum control unit

n
Condensed MEG
back to paste mixer

p ,T

Polymer meltOnline 
viscometer
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%

%
n =

%

Progress of main reaction partner during PTA-based PET-Process - PP
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