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Oligomers are a natural occurring component of polyester composition. During melt phase polycondensation
and any further melt treatment oligomer concentration is always developing to an equilibrium concentration
depending on equilibrium conditions.

Chemically are oligomers the low molecular weight part of polyester.

For energetic reasons about 99 weight % of the oligomers are cyclics. At elevated temperature the oligomers
are tending to sublimate.

In presence of moisture oligomer and at elevated temperatures cyclic oligomers
are able to react under ring-opening with the polyester molecules.

The major oligomers are listed below.

# cyclic dimer Tm 224 — 229°C
C,oH1605 Mw = 384,34
# cyclic trimer Tm 319 — 320 °C (> 70 % of total oligomer amount)
C50H,404, Mw = 576,51
# cyclic tetramer Tm 326°C
il 0k Mw = 768,68
# cyclic pentamer Tm 265°C
ol O Mw = 960,85

# linear oligomers n =2 Tm =200 — 205°C, n =3 Tm =219 — 223 °C
<1 % linear oligomers of total oligomers only
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There are different methods known to analyze the oligomer content in PET at which the simplest method is based on

extraction.

The polymer sample is at first cryo-grinded and sieved to particles < 0,2 mm and subsequently educed at SHOXLET
apparatus applying trichlormethane as solvent. After evaporation of the solvent the oligomer content is balanced.

Other methods are using HPLC/GPC with different sample pretreatments are applied . Figure 1 and 2 are showing a typical
GPC-scan of amorphous polyester

Figure 1: Typical GPC-scan of PET produced by melt polycondensation (Constametric Ill, chloroforme/HFIP
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Figure 2: Typical GPC-scan of PET produced by melt polycondensation (Constametric Ill, chloroforme/HFIP
92/2), upper scan PET resin after SSP, lower scan the same resin after extrusion
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3. Oligomer generation and re-generation, during polymer production and melt processing

The oligomer content is different during each step of polyester production and processing and varies depending on reaction
conditions as one can see in table 1.

Table 1: Oligomer content of polyester during different production and processing steps

PROCESS STEP OUGOMER CONTENT
[weight %5]*
Melt direct after finisher 13-16

Melt after 30 min residence time | 1,5-1,9
in melt pipe systems

Virgin pellets 15-19
Dried pellets ~1

S5P pellets 03-028
Preforms 0e-22

*} chloroform extraction method
The systematic scientific investigation of formation, conversion, structure, properties and processing impact of polyester
oligomers is something missed out in the polyester literature.

The oligomers reduction of amorphous PET during drying and SSP depends on treatment parameter like moisture during
crystallization, temperature, treatment time and pretreatment like washing/treatment in presence of water.

Re-generation of oligomers occurs during extrusion depending on extrusion conditions. Especially high shear induced

temperature triggers a fast re-generation. Applying aggressive extrusion conditions the oligomer concentration could increase
to 2% and even higher.
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4, Oligomer impact to product and process

All converting processes od PET under elevated temperature like drying, extrusion, vacuum-extrusion, casting , chill roll, MDO- and
TDO-film stretching, annealing, preforming, bottle blowing, waste air cleaning, spinning, winding and dyeing are more or less
influenced by generation, discharging and deposition of oligomers.

Most of the time are occurring problems by undesired oligomer accumulation.

The oligomer content in film/fiber/filament resin or the rebuild of oligomers during extrusion is mainly responsible for all kind of
white deposits along the processing chain.

First process step where oligomers appear is crystallization and drying.

Deposits of oligomers are found together with PET dust in the gas circuit.

Also during extrusion under vacuum oligomers are separated in the vacuum system.
To protect vacuum pumps efficient oligomer separation devices are required.

Interesting to know that at pressure during melt treatment like extrusion < 5mbar oligomer removal from melt increase
significantly.

During vacuum extrusion the removed moisture is function as oligomer carrier.

During film casting or stretching white oligomer powder is deposited around the casting die, at cooling drum and stretching rollers
which also needs to be removed from time to time during cleaning stops.

Another problem is the oligomer deposit in the stretching oven of BOPET-film lines which needs to be removed during shut down.
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Latest developed film stretching machines are using catalytic burning units for process gas cleaning similar to SSP process gas
cleaning.

During fiber spinning oligomers are deposited at the spinneret surface and on fiber surface and might cause filament breaks.
Spun-bond processes using air acceleration nozzles are suffering from oligomer deposits at nozzle surface
During yarn dyeing processes oligomers are occurring as dust on bobbin surfaces or as deposits in vessels and pipes.

Oligomers will be reduced by SSP from amorphous PET from about 1,5 -1,9 % to 0,8...0,3 % depending on SSP parameter
(moisture during crystallization , SSP temperature, pretreatment like washing with water, temperature, crystallinity)

Several processes described to reduce oligomers in bottle grade, like water treatment prior SSP or special polycondensation
catalyst, especially Japanese companies are preferring PET resin with low oligomer content < 0,4%

Regeneration of oligomers during extrusion driven by T, t and shear-stress

Oligomer content of SSP PET will increase during melt phase processing like extrusion depending on extrusion temperature
and shear stress from 0,8% to 1,4 .....2,2%.

As soon as there is overheating during extrusion oligomer content could raise above 2%
Exact and reproducible analysis of oligomers is challenging
Extraction method using grinded polymer < 0,2 mm and chloroform as solvent

GPC, HPLC, MALDI-TOF (Matrix—Assisted- Laser—Desorption—lonization - Time of Flight)
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