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Initial situation:

||f

i

1
i h t’[ W‘

PET preoriented yarns (PET- POY)

are commonly made by limiting
spinning speeds to 3000-3500 m/min
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Since crystallinity rises

markedly at higher speeds

due to stress-induced crystallization Stress-induced
crystallization

Tarqget:

Production of PET-POY at higher winding speeds
— Modification to reduce crystallization
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Modification of PET-POY
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Physical Modification Chemical Modification
during spinning process to reduce crystallization
- blending with other
polymers

- reheating
- heating zone
- using comonomers,
synthesis of copolyesters

below spinneret

- heating of godets
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Svnthesis of PET according to DMT or PTA process

DMT transesterification esterification PTA
dimethyl terephthalate 160 — 220°C 240 — 260°C terephthalic acid
N, — atmospheric pressure 2 —5 bar

+ MEG + catalyst + MEG + catalyst

- methanol T
> HO/\/O> < ) /<O o
2
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BHET
(bis hydroxy ethylene terephthalate) + oligomers
I

precondensation
230 - 280°C
g 300 —100 mbar

melt polycondensation mono ethylene glycol
280-290°C
5 - 0,1 mbar
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PET (polyethylene terephthalate)
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Comonomers used to influence crystallization
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2-Methyl Isophthalic Diethylene
terephthalic acid acid glycol

Various amounts:
1, 2, 5 and 10 mol-%
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1,3-Propane
diol




ITCF batch reactors for polyester synthesis

2 kg
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mer Characterization / ity Control
- GPC, solution viscosity (molecular weight, same range)
- carboxyl endgroups, colour measurements
(no degradation)
- thermal analysis (DSC, melting point, thermal crystallization)

melting point
/_ijc?ta“ization
thermal crystallizatw
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Thermal crystallization of PET
modified with methylterephthalic acid
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Thermal crystallization of PET
modified with isophthalic acid
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Meltspinning of copolyester

Potymergranulat

- 24 round whole spinneret

- titer: 72 dtex
- spinning speeds: 3000 — 6000 m/min

Polyester modified with Melting
point

- (unmodified) 260°C
10 mol-% 1,3-Propane diol 248°C

10 mol-% Diethyleneglycol 244°C

10 mol-% 241°C
2-Methylterephthalic acid
10 mol-% Isophthalic acid 233°C
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Degree of crystallinity o

Deqgree of crystallinity / Density measurements

NS 1=

Dgnsity column
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_Dfiber — _Damorphous

Pcryst. - Pamorphous

literature:
[Pamorphous = 1,335 g/cm?

[Pcryst.= 1,455 g/cm3




Influence of methylterephthalic acid
on structure formation
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Influence of 10% comonomer modification
on structure formation
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Measurement of amorphous orientation in fibers

Polarized Fluorescence

Emission

Polarized Excitation
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Dr. Bernd Clauss
Probe with anisotropic absorption
T F

Method developed
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Influence of 10% comonomer modification
on amorphous orientation

unmodified
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Influence of methylterephthalic acid
on boiling shrinkage
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Influence of 10% comonomer modification
on boiling shrinkage

10 mol-%
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Influence of comonomer modification on textil-
mechanical properties (winding speed: 4500 m/min

Modification Tenacity Elongation Modulus (0-1%)
(10 mol-%) at break
[cN/tex] [%0] [cN/tex]

Unmodified 30,4 69,9 472.6

COOH 28,3 70,7 414,6

CHs
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Influence of comonomer modification
on drawability of fibers (winding speed 4500 m/min)

- Fibers spun at 4500 m/min
were drawn to such

an extend to achieve
an elongation at break of 25%

- Draw ratio was determined

ITCF drawing machine
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Influence of comonomer modification
on draw ratio of fibers (winding speed 4500 m/min

COOH
- modification,
comonomer concentration

Draw ratio

Modification
(10 mol-%)

Draw ratio

0%

Unmodified

COOH
CHjs
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Influence of methylterephthalic acid

on disperse dyeability (100°C)

comonomer colouration
concentration

130°C
unmodified
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Influence of 10% comonomer modification

on disperse dyeability (100°C)

Modification colouration Modification colouration
(10 mol-%) (20 mol-%)

Unmodified
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Summary

modification with small amounts of comonomer (<10 mol-%)
has a strong influence on thermal crystallization as well as

stress-induced crystallization during spinning

different comonomers affect amorphous orientation,
boiling shrinkage and subsequent drawing processes

differently

methylterephthalic acid affects subsequent
drawing process favorably

dyeing properties improve with increasing comonomer
concentration
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much
for your attention

Dr. Michael Schweizer
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