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3,159,964 
PRO CESS FOR WORKENG UP STRETCHED FLA 
MENTS 3 ARGMATSC PC: YESTERS OF HitQH 
MOLECULAR WEIGHT 
Rosi Kretsch, Bobingen, aear Augsburg, Gergaany, 

assignor to Farbwerke Hoechst Akiiengeseischaft 
wornias Meister Lucius & Briaing, Frankfurt ana 
Main, Germany, a corporation of Gerrasily 

Fied Yaa. 30, 1962, Ser. No. 69,782 Claims priority, application Germany, Feb. 21, 1961, 
F 33,589; Mar. 17, 1961, F 33,434 

a Cains. (C. 57-357) . . 
The present invention relates to a process and an ap 

paratus for working up stretched filaments of aromatic 
polyesters of high molecular weight. 

Filaments of aromatic polyesters of high molecular 
weight have hitherto been worked up in discontinuous 
manner by twisting the stretched filaments and winding 
them up on a bobbin, the core of which consists of an 
elastic wire structure. The wound-up filaments are then 
subjected on the bobbin to a prolonged steam treatment, 
whereby shrinkage occurs and the filaments are simultane 
ously set. After said heat-setting the filaments are wound 
up on saleable bobbins. 
The present invention provides a process and an appara 

tus which enable stretched polyester filaments to be 
worked up into a finshed saleable form in one continuous 
operation. According to the process of the invention the 
stretched filament is twisted and the twisted filament is 
passed through a solution, dispersion, or emulsion of at 8 
least one substance boiling within the range of 120° C. to 
350 C. and then fed to two rollers, which serve as fixed 
points and rotate at different speeds and around each of 
which the filament is passed several times, the first of the 
rollers being heated. Between these rollers, the filament 
is heated on all sides uniformly to a temperature within 
the range of 220° C. to 350° C., preferably 250° C. to 
280 C., for 0.1 to 5 seconds, advantageously 0.2 to 1 : 
second, and allowed to undergo an adjustable shrinkage 
of 5 to 35%, preferably 10–25%. Thereupon the fila 
ment is stretched again by the same degree or a higher 
degree or a smaller degree and wound up on a bobbin. 
In general the after-stretching is carried out in a manner 
such that the finished filament possesses the most favor 
able shrinkage on boiling and thermo-shrinkage required 
for the further processing in the weaving and knitting mill, 
so that a setting of the filament can be dispensed with. 
The term 'shrinkage on boiling' indicates the degree of 
shrinkage in percent a filament undergoes when dipped 
into boiling water. By the term "thermo-shrinkage” 
there is to be understood the degree of shrinkage a fila 
ment undergoes when kept for a few seconds in hot air 
of 200 C. If the filament is after-stretched by the same 
degree or a higher degree, it is of advantage to treat it 
with steam or dry hot air. . , , 

FIG. 1 is a diagrammatic view of one embodiment ac 
cording to the invention. 
FIG.2 is a diagrammatic view of another embodiment 

according to the invention. 
FiG. 3 is a diagrammatic view of still another embodi 

ment according to the invention. - 
The process of the invention can be carried out as 

follows: (cf. FIGURE 1 of the accompanying drawings). 
The stretched filament of linear aromatic polyesters is 

wound up on a cop which is placed on a spindle. Iro 
tating at a high speed and the filament is drawn off up 
wardly whereby it is twisted. It is then conducted over a 
thread guide 2 and a guide roll 3 into a container 4 which 
is charged with a treating liquid. The filament is then 
dried on heated roller 5 and passed through heater 7 hav 
ing a temperature within the range of 220. C. to 350° C. 
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glycerol, lauryl-alcohols, glycols, and polyglycols. 

2 
Between rollers 5 and 8, which serve as fixed points and 
around which the filament is wrapped several times, the 
filament is allowed to shrink by 5 to 35%. The filament 
is then fed to a further roller i0 having a higher speed 
than roller 8 so that between roller 8 and roller 10 the 
filament is stretched by 5-35%. Subsequently the fila 
ment is wound up on bobbin, 14. 
A further mode of execution of the process of the in 

vention is illustrated with reference to FIGURE. 2. - 
The filament is twisted and passed through the treating 

liquid as described above. Subsequently, it is dried on 
heated roller 5, passed through heating channel 7 (tem-. 
perature 220 C-350° C.) and fed to roller-8 rotating 
at a lower speed. Between roller 5 and roller 8 the fila 
ment is allowed to shrink by the desired degree. The fila 
ment is then passed to a third roller 10' which is mounted 
as stepped roller on roller 5. Stepped roller. 10' rotates 
at a higher speed than rollier 8 so that the filament is 
stretched between roller 8 and the stepped roller to a de gree which is smaller than that of the previous shrinkage. 
After stretching, the filament is wound up on bobbin 14 
via guide roller 12 and changeable thread guide 13. Dry 
ing roller 5 has preferably a temperature within the range 
of 50° C. to 120° C. . . . . 

In the process of the invention the filament is passed 
through a solution, dispersion or emulsion of at least one 
substance boiling within the range of 120° C. and 350° C. 
which can be removed later on by washing or has the 
character of a preparation and is therefore not detrimental 
if it remains behind on the filament. The chemical nature 
of the substance is only of minor importance. Decisive 
are its physical properties. A wide variety of substances. 
may therefore be used for carrying out the process of the 
invention. The substances should boil at a temperature 
in the range of 120° C. to 350° C.; at room temperature 
they may be fluid, syrupy, pasty or may form films. Crys 
talline substances of low molecular weight are less suitable 
for use since they deposit on the rollers. A well suitable 
Substance is, for example, sorbitol, a sugar alcohol which 
is syrupy at room temperature. Besides there may be used 
other mono- or polyhydric high-boiling alcohols, such as: 

Fur 
thermore, there may advantageously be used substances 
containing one or several reactive groups, for example hy 
droxyl or carboxyl groups, as well as substances that are 
free from reactive groups and swell the polyester fila 
ment, for example high-boiling esters, high-boiling ethers 
or aromatic high-boiling hydrocarbons such as diphenyl. 
Still further, there are suitable for wetting the filaments. 
higher molecular mono- or di-carboxylic acids, as far as 
they do not decompose at a temperature above 200 C., 
and the esters thereof, for example terephthalic acid di 
butyl ester or tricresyl phosphate; high-boiling phenols, 
amines and amino-alcohols, for example ethyl-amines, di 
ethanolamines and triethanolamines, as far as they do not 
produce yellowing of the filaments on heating; polymeric 
compounds, for example polyacrylic acid and the esters. 
thereof, polymethylacrylic acid, polyvinyl alcohols, and 
esters of polyvinyl alcohols. The solutions, emulsions or 
dispersions are advantageously prepared with the use of 
water or an organic solvent boiling below 100° C. 
By adding a dyestuff to the treatment bath the filaments 

are simultaneously dyed, or by adding an optical bright 
ener, for example a substance of the following formula:... . 

"a - N 
N/ 

C-CH-scCE-C 

NH 

the degree of whiteness of the filaments is improved. 
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It is also possible to apply a sizing agent to the filaments 
by adding such sizing agent to the treating bath. Excel 
lently sized filaments are obtained, for example, with the 
use of emulsions of acid polyacrylic acid esters. 
When filaments shall be prepared which have an espe 

cially good dyeability and an improved handle and gloss, 
it is of advantage to use, instead of filaments having a 
round cross section, filaments having a larger surface area, 
such as filaments the cross section of which has the shape 
of a triangle, star, dumb bell and the like. Under the 
same conditions of treatment, filaments of this kind absorb 
a larger quantity of dyestuff than filaments having a 
round cross section so that it is possible to obtain very 
dark dyeings without the use of carriers. 

In special cases it may be advantageous to treat fila 
ments of polyethylene terephthalate having a low viscosity, 
for example a specific viscosity, in the range of 0.450 to 
0.700. By specific viscosity there is to be understood the 
viscosity of a 1% solution of the polyester in a solvent 
mixture of 60 parts of phenol and 40 parts of tetrachlor 
ethane, determined at 25° C. The dyestuff receptivity of 
filaments made from a polyester of this kind can be im 
proved under milder conditions. i.e. at lower temperatures 
and with a lower degree of shrinkage, by the same or a 
higher percentage than that of filaments made from poly 
ethylene terephthalate having a specific viscosity of 0.800. 
According to a further variant of the process of the 

present invention the chemical substances which improve 
the dyestuff receptivity of polyester filaments are applied 
to the filaments not after the twisting but already together 
with the spinning preparation. It is recommended to use 
substances, such as high-boiling esters or hydroxyethylated 
acids, which are suitable as spinning preparation as well 
as for improving the dyeability. The spun filaments which 
have been treated with such a spinning preparation are. 
stretched as usual, twisted on the spindle of the apparatus 
of the invention, again treated with a solution or emulsion 

3,159,964 

5 

4. 
a. 

ing chambers 7 and 12" which is then passed twice by 
the filament. - 

The filaments treated by the process of the invention 
are finished and can be well dyed with dispersion dyestuffs. 
Furthermore, the treated filaments possess good textile 
properties. It is possible, for example, to adjust their 
shrinking values as desired, depending on the degree of 
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of the same compounds as used as spinning preparation, 
heated at a temperature of above 220 C. while being al 
lowed to shrink and finally stretched again. - - - - 40 

Another variant of the process of the invention con 
sists in allowing the filament of linear aromatic polyesters 
to shrink in a continuous operation at a temperature in 
the range of 220. C. to 350° C., after it has been re 
stretched, by a degree which is smaller than the degree 
of the prior re-stretching. The filament is subsequently 
wound up. By this treatment the filament is set so that 
a further setting by hot air or steam can be dispensed 
with. This special embodiment of the invention is further 
illustrated with the aid of the accompanying FIGURE 3. 
A stretched polyester filament is twisted with the aid of 

twisting spindle 1, passed through thread guide 2 and in 
troduced into treating bath 4 which is charged with a 
solution, dispersion or emulsion of at least one of the sub 
stances listed above. The filament is impregnated with 
said substances and dried on heated roller 5. The filament 
is then passed through heating chamber 7 where it is al 
lowed to shrink by 5-35% since roller 8 rotates. slower 

The filament travels to than roller 5 by this degree. 
roller 10' which is mounted as stepped roller on roiler 5. 
The diameter of stepped roller 10 can be equal to or 
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smaller than that of roller 5. The stepped roller rotates 
at a higher speed than roller 8 so that the filament is 
stretched between roller 3 and roller 18' by an adjustable . 
degree. After having been stretched the filament is again 
passed through a heating channel 12' heated at a tempera 
ture in the range of 220 C. to 350° C. It then travels 
over guide roll 13 and changeable thread guide 24 to 
winding-up roller 15 having a lower circumferential speed 
than roller 10' so that on the way between roller 10' and 
winding-up 5the filament is again allowed to shrink in 
heating zone 12' by an adjustable degree. When the two 
shrinkages are effected at the same temperature, it is pos 
sible to use one heating chamber instead of the two heat- 75 strength. The first roller was heated at 100° C. and ro 

re-stretching. The high elongation which is undesired 
for many applications is reduced by the re-stretching. 
The following examples serve to illustrate the invention 

but they are not intended to limit it thereto. 
- Example. 1 

A stretched filament of polyethylene terephthalate hav 
ing a titer of 100/50, which was wound up on a cop, was 
twisted to obtain 350 trs./.m. and then passed at room tem 
perature through a bath containing 15% of glycerol dis 
solved in water. The filament was then fed at a speed of 
50 m./minute to a drying roller which was heated to 
100° C. and to which belonged an intermediate roller, the 
filament being wrapped 12 times around said latter roller. 
The filament then travelled through a heating chamber 
which was 40 cm. long and heated to 250° C. The fila 
ment was then drawn off from the draw roller, around 
which it was wrapped 12 times, at a speed of 37.5 m/min 
ute so that it was allowed to shrink in the heating cham 
ber by 25%. Subsequently, the filament was passed 12 
times around a rollier having a speed of 42.5 m/minute 
and to which belonged an intermediate roller, whereby it 
was stretched again. After having left said roller the 
filament was wound up. The twisted filament thus ob 
tained was ready for sale and of very good quality. It had 
a much better dyeability than comparative filaments made 
from the same cop which had been separately twisted. 
and heat-set with hot steam. 
On dyeing with the bromination product of 1 5-diamino 

4,8-dihydroxyanthraquinone the filament absorbed 55.5% 
of the dyestuff used. 

- Example, 2 

Stretched filaments of polyethylene terephthalate hav 
ing a titer of 100/50 were twisted and further treated as 
described in Example, 1. 
of 15% strength in water, there was used a 15% solution 
of sebacic acid dimethyl ester in ethanol. 

instead of the glycerol solution 

The drying 
roller was heated at 80° C. and rotated at a speed of 
50 m./minute, while the second roller had a speed of 
only 35 m./minute. Thus the filament was allowed to 
shrink by 30% on this distance. The filament was then 
stretched again by 30% and wound up. After said treat 
ment the filament was heat-set for 20 minutes at 110° C. 
with steam. The filaments obtained could be well dyed 
with dispersion dyestuffs. On dyeing as described in Ex 
ample 1, the filaments absorbed 65.0% of the dyestuff 
used. 

Example 3 
Stretched filaments of polyethylene terephthalate hav 

a titer of 100/50 were twisted and further treated as 
described in Example 1. The treating bath consisted 
of a 15% solution of terephthalic acid dibutyl ester in 
methanol. The first roller was heated at 80° C. and 
rotated at a speed of 50 m/minute while the second 
roller had a speed of 35 m./minute so that the filaments 

of the dyestuff used. 
70 

were allowed to shrink by 30%. The third roller ro 
tated at a speed of 40 m./minute whereby the filaments 
were again stretched. The resulting filaments could be 
excellently dyed with dispersion dyestuffs. 
as described in Example 1 the filaments absorbed 89.0% 

Example 4 
Stretched filaments of polyethylene terephthalate hav 

ing a titer of 100/50 were twisted and treated as de 
scribed in Example 1 with a glycerol solution of 15% 

On dyeing 
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tated at a speed of 50 m./minute while the second roller 
had a speed of 35 m./minute so that the filaments were 
allowed to shrink by 30%. The heating chamber had 
a temperature of 250° C. The third roller rotated at 
a speed of 50 m./minute, whereby the filaments were 
stretched to their initial length. After said treatment, 
the filaments were heat-set for 20 minutes with hot dry 
air having a temperature of 180 C. On dyeing as de 
scribed in Example 1, the resulting filaments absorbed 
53.5% of the dyestuff used. 

Example 5 
0. 

Stretched filaments of polyethylene terephthalate hav 
ing a titer of 100/50 and a specific viscosity of 0.620 
were twisted as described in Example i and treated with 
a 15% glycerol solution. The first roller was heated at 
100° C. and rotated at a speed of 50 m/minute, the 
second roller had a speed of 40 m./minute. In the heat 
ing chamber heated at 250° C. the filaments were allowed 
to shrink by 20% and then stretched again. The fila 
ments obtained absorbed 74.0% of the dyestuff used 
when dyed as described in Example 1. 

Example 6 

Stretched filaments of polyethylene terephthalate hav 

20 

ing a titer of 75/35 and a star-shaped cross section (5 : 
points) were twisted as described in Example 1 and 
treated with a glycerol solution. The first roller was 
heated at 100° C. and rotated at a speed of 50 m./min 
ute, while the second roller had a speed of 35 m./min 
ute so that the filaments could shrink by 30% in the 
heating chamber having a temperature of 250. C. The 
third roller had a speed of 40 m./minute whereby the 
filaments were stretched again. The resulting filaments 
were distinguished by an excellent dyeability with dis 
persion dyestuffs. They absorbed 89.5% of the dyestuff 
used when dyed as described in . Example 1. Fabrics 
made from the filaments had a nice silky gloss. 

Example, 7 
Stretched filaments having a titer of 75/35 of poly 

ethylene terephthalate (specific viscosity 0.620), the in 
dividual capillaries of which had a cross section in the 
form of a star with five points, were twisted as described 
in Example 1 and treated with a 15% glycerol solution. 
The first roller which was heated at 100 C. rotated at 
a speed of 40 m/minute and the second roller had a 
speed of 32 m./minute so that the filament was allowed 
to shrink by 20% in the heating chamber having a ten 
perature of 250° C. The filaments were then stretched 
again. The resulting filaments absorbed 74.5% of the 
dyestuff used when dyed as described in Example, 1. 
Woven or knitted articles made from the filaments pos 
sessed a wonderful silky gloss. 

Example 8 

Stretched filaments of polyethylene terephthalate hav 
ing a titer of 100/50, which on spinning had been treated 
with a preparation consisting of dioctyl sebacate and a 
condensation product from lauric acid with 7 mols of 
ethylene oxide, were twisted as described in Example 1 
and again treated with an emulsion consisting of 15% 
of dioctyl sebacate and 15% of a condensation product 
from lauric acid with 7 mols of ethylene oxide. The 
first roller was heated at 100 C. and rotated at a speed 
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of 50 m./minute while the second roller had a speed 
of 35 m/minute so that the filament shrunk by 30% 
in the heating chamber having a temperature of 250 C. 
The third roller rotated at a speed of 45 m./minute 
whereby the filaments were stretched again. The fila 
ments obtained showed an excellent receptivity for dis 
persion dyestuffs. When dyed as described in Example 
1 they absorbed 87.0% of the dyestuff used. 

70 

75 

6. 
Example 9 w 

A filament of polyethylene terephthalate having a titer 
of 100/50 was twisted and then passed through an emul 
sion consisting of 6% of dioctyl sebacate, 6% of a 
condensation product from oley alcohol with 5 mols of . . 
ethylene oxide and 3% of a condensation product from 
lauric acid with 7 mols of ethylene oxide in water. The 
filament was dried on a roller heated at 100 C. around 
which the filament was wrapped 12 times. The roller 
had a speed of 50 m./minute. . The filament was then 
passed through a heating chamber 45 cm. long which 
had a temperature of 250 C. and subsequently wrap 
ped 12 times around a second heated roller rotating 
at a speed of 35 m./minute so that on the way through 
the heating chamber between the two rollers the filament 
was allowed to shrink by 30%. The filament was then 
reconducted to a third roller mounted as stepped roller 
on the first roller, heated at 100° C. and rotating at a 
speed of 50 m./minute. Thus the filament was stretched 
by the degree it previously shrunk. It was then passed 
a second time through the heating chamber having a 
temperature of 250° C., and wound up. The winding 
up device had a speed of 40 m./minute so that the fila 
ment was again allowed to shrink by 20%. The fila 
ment obtained was heat-set. It shrunk by 2.4% in boil 
ing water and 3.64% in hot air of 200 C. In a dye 
bath containing as dyestuff 3% of the bromination prod 
uct of 1,5-diamino-4,8-dihydroxyanthraquinone (calcul 
lated on the weight of the filament) the filament ab 
sorbed, in the absence of a carrier, 79.0% of the dye 
stuff used. 

Example 10 
A filament of polyethylene terephthalate having a titer 

of 100/50 was twisted as described in Example 9 and 
passed through an emulsion consisting of 15% of tere 
phthalic acid dibutyl ester and 7.5% of a condensation 
product from oley alcohol and 5 mols of ethylene oxide 
in water. The filament was dried, allowed to shrink at 
250° C. by 30%, against stretched in the cold by 30%, 
allowed to shrink a second time at 250 C. by 25% and 
?then wound up. The finnished filament was set. It 
shrunk by 2.3% in boiling water and by 4% in air of 
200 C. On dyeing as described in Example 9, the fila 
ment absorbed 90% of the dyestuff used. 
I claim: - 
1. A process for processing stretched filaments of aro 

matic polyesters of high molecular weight, which com 
prises twisting the stretched filaments, passing the twisted 
filament through a bath consisting of a member selected 
from the group consisting of a solution, dispersion and 
an emulsion of at least one substance boiling in the range 
of 120° C. to 350° C., feeding the filament to two rollers 
which serve as fixed points and rotate at different speeds, 
the first one of which is heated, wrapping the filament. 
several times around the rollers and heating it between 
the rollers uniformly on all sides to a temperature within 
the range of 220 C. to 350° C. for 0.1 to 5 seconds, 
simultaneously allowing the filament to undergo an ad 
justable shrinkage of 5 to 35%, again stretching the fila 
ment and winding it up, said steps being carried out in 
one continuous operation. - ..:. . . . . 

2. The process of claim 1, wherein the twisted fila 
ment is heated to a temperature within the range of . .. 
250° C. to 280 C. 

3. The process of claim 1, wherein the filament is al 
lowed to undergo an adjustable shrinkage of 10 to 25%. 

4. The process of claim 1, wherein the bath consists 
w of a member selected from the group consisting of a . . 
monofunctional reactive compound and a polyfunctional 
reactive compound. 

5. The process of claim 1, wherein at least-one disper 
sion dyestuff is added to the bath in addition to the re 
active compound. 

6. The process of claim 1, wherein an optical brightener 
is added to the bath. ,s - 
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7. The process of claim 1, wherein the optical bright 
ener is a substance corresponding to the formula 

S. Ye-on-on- N 

N/ / Y?. 
8. The process of claim 1, which comprises re-stretch 

ing the shrunk filament by the same degree as it shrunk 
previously and then winding it up. 

9. The process of claim 1, which comprises re-stretch 
ing the shrunk filament by a smaller degree than it pre 
viously shrunk and winding it up. 

10. The process of claim 1, which comprises re-stretch 

O 

5 

3 
ing the shrunk filament by a larger degree than it pre 
viously shrunk and winding it up. 

11. The process of claim 1, which comprises setting 
the re-stretched filament in a continuous process at a 
temperature in the range of 220 C. to 350° C. by allow 
ing it to shrink again by a smaller degree than that of 
the previous re-stretching, and winding it up. 
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