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1. Introduction

The occurrence of and struggling against impurities during polyester production processes is going with every 
body involved in this industrial process. 

Despite the polyester chemical synthesis is compared to other polymers like for instance nylon 6 and 66 or 
polycarbonate relatively simple and easy to handle, the occurrence of undesired destruction products or 
occasionally introduced foreign substances is even at high levels of process control not completely to avoid.

With the steadily growing plant capacity, we are calling 600 – 800 t/d plants “wold scale”, the risk of losses 
caused by accidentally occurring impurities – from out side or inside the plant – is increasing tremendously.

Therefore the avoidance of any kind impurities which are impacting/reducing quality or yield is of high priority 
for each plant manger.

The following slides are an accumulation of experience during polyester production and plant engineering and 
might provide some kind of support or refreshment of existing production experience. 

Not included here are kind and level of contaminations covered by raw material specifications and related 
analysis.
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2. Raw material handling and conveying                                                               

# EG filtration 1 - 5 µm, 

# DMT filtration 1 - 5 µm

# Filtration of additive solutions down to 1 µm

# DMT liquid transport in advantage over any kind of solid handling

# PTA rail lorry, truck or 20ft. container transport preferred 

# General rule: as smaller the PTA package unit as more contamination get access to the
process.

# PTA conveying  by using purified, fine filtered and dry nitrogen.

# Silos and tanks continuous purging and blanketing/covering  by nitrogen
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3. Production regime – line and process design impact

~ Plug flow and dead spots 

# Valves, pipe bends, welding seams, static mixers, inlet and outlet supports on
reactors, filtration equipment and heat exchanger are the most likely parts in a melt distribution systems    
where impurities/contaminations are continuously created.

# Gel-like unmelts, dehydrogenized and carbonised products,  highly-crystalline and highly-polymeric 
substances are created in dead spots depending on reaction and temperature conditions.

# Continuous creation of high MW unmelts at cold spots within melt distribution system

# Determination of minimum and maximum shear rates in melt pipes important (rule max 10/min)

# Surface finish of  inner surfaces impacts melt purity
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3. Production regime – line and process design impact

~ Leakages

# Impurity thermal oil: Most severe problem are hair lines between heating jacket and reactor/pipe wall 
caused by worse welding during manufacturing or fatigue fracture. 

Damage symptoms are wide spread, like smell, slight increase b-colour of polymer, increase of spinning /     
texturing breaks. 

Difficulty is that the impact if leakage is slipping in slowly (welding hair cuts). 

Systematic quality and failure analysis supported by statistic tools along the whole production process chain 
like polymer/circuit MEG, POY, DTY, SF helps to discover and locate thermal oil leakages.
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~Oxygen

All reaction space under reduced pressure is endangered by 

# Oxidative decomposition is faster than thermal destruction with a wide variety 
of reactive species

# Oxygen in contact with melt creates from yellow discoloration until carbon/coal like products 
all varieties of coloured destruction products (b colour increase, black spots) 

# Oxygen in contact with glycol rich reaction mass like esterification product
creates greyish colour     [S.M.Aharoni, Polymer Eng. Sci., 38 (1998)7, Page 1039-47] 
Sb+++ will be reduced during the process to Sb-metal, in esterifcation stage 
triggered by  oxygen ingress, Sb meal creates deposits on all inner surfaces (black spots) 
and grey precipitates. Reaction: thermal and oxidative destruction products of MEG/MEG-ester
like CO or AA will reduce Sb+3 to Sb-metal

# Conclusion: b-value   : leak in the polymer section, 
L-value   : oxygen penetration in the area esterification/transesterification

# Besides frequent leak detection (helium leak test - frequency) in all sections of vacuum application
the deoxygenation of raw materials is important for improved colour and reduction of black spots
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4. Build-up of inhomogeneities caused by additives

Most common source are:

# Sb-metal, Sb-(OH)X, Sb2O5 , 

# TiO2 , Ti(OH)n, TiPO4 (in case of Ti-catalysis)

# Precipitation products caused by stabilizer, metal phosphates (Mn, Ca, Zn), Sb(PO4)3

# Co3(PO4)2

# TiO2 agglomerates 

# - TiO2 Sb(X)y precipitates

# Preparation of additives, feeding points and feeding/mixing/distribution technique
are decisive to prevent precipitations

# Agglomerated film additives like SiO2 , clay, BaSO4

# Precipitation of earth alkali additives for melt conductivity improvements (for instance  
Mg-terephthalates during
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5. Pelletizing

# Most common impurity creation during pelletizing is the application of incomplete
demineralized or even tape water as cooling/cutter water, fresh PET surface is acting as ion-
exchanger and catches especially the Ca, Mg, Si, Fe ions from water hardness 

# High speed conveying especially of amorphous polymer chips is creating high amount of 
insoluble or non melting impurities

6. Production regime

# In a continuous PET process any level change will cause a period of increased
number of inhomogeneities → change capacity as rarely as possible
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6. Melt filtration 

~Textile polyester

# Filtration of the pre-condensate as fine as possible, state of the art 20 - 15 µm 
candle type filter → large filter housings are causing often problems by dead spots,
difficult handling and high costs for filter and candle cleaning 

# Filtration of polymer melt after finisher, common technology candle type filter, 20 – 15 
µm

# Spin-pack filter 10 – 20 µm, target pack life time > 100 days

~ Bottle polyester

# Need for completely dead spot free melt demands for a final filtration of the melt
after the finisher, 40 - 30 µm filter fineness is sufficient

# Some producer inserting the melt filter only during start up periods and process    
problems, target is to reduce melt residence time to minimize AA-generation, frequent 
automatic pellet analysis (e.g. OCS) required
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7. Analysis/measurement of  impurities

The analytical determination of kind, source, size and properties of melt impurities is a challenge in 
general especially for production plants without substantial analytical capabilities

~ Filtration test

# Melt filtration pressure build up value per kg with  standard screens 10, 20, 50 µm
# Size distribution of inhomogeneities 
# Filterability of a polymer solution – hot solution in DEG an filtering via glass-frit
# Measurement melt residue quality/quantity of polymer melt or polymer solution

by X-ray photoelectron spectroscopy (XPS, AAS)

~ Optical methods

# Particle size distribution in the melt (e.g. TOPAS, MALVERN - LLS)
# Film: visual observation, video camera, automatic picture recognition (OCS) 
# Film/sheet surface topography (ZYGO)
# Laser scattering on films/sheets, moulded bodies and solutions (MALVERN)
# Filaments and fibres: inclusions, broken ends of fibres by (manual) microscopy
# Haze measurement on the moulded body, in solution, on film (NTU-Hach) 
# Agglomerates, microscopic (XPS)
# Sedimentation on solutions by ultra-centrifuges
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