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2 
Between rollers 5 and8,°which serve as ?xed points and 
around which the ?lament is wrapped ‘several times,.; the 
?lament is allowed to Shrinkby 5 toy35%. The ?lament 
is then fed to a further rollerlt) having ‘a higher speed 
than roller 8 so that between roller 8 and roller 10 the 
?lament is stretched by 5-35%. Subsequently the ?la-v 

- ment is wound up on bobbin 14.‘ 

10' 

The present invention relates to a process and ap 
paratus for working up stretched ?laments 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 ?laments and Winding v 
them upon a bobbin, the core of which consists of an 
elastic wirestructure. The wound-up ?laments are then 
subjected on the bobbin to a prolonged steam treatment, 
whereby shrinkage occurs and the ?laments are simultane 
ously set. After said heat-setting the ?laments are wound 
up on saleable bobbins. 
The present invention provides a process and an appara— 

tus which enable stretched polyester ?laments to be 
worked up into a ?nshed saleable for-m in‘one continuous ‘ 
operation. According to the process of the invention the 
stretched ?lament is twisted ‘ad the twisted ?lament, is 
passed through a solution, dispersion, or emulsion of at 
least one substance boiling within the range of 120° C. to 
350° C. and then fed to two rollers, which serve as ?xed 
points and rotate at different speeds and around each of 
which the ?lament is passed several times, the ?rst of the 
rollers being heated. Between these rollers, the'?lament 
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 m5 seconds, advantageously 0.2 to _1 -. 
second, and tallowedto undergo an ‘adjustable shrinkage 
of 5 to 35%, preferably 10—25%. Thereupon the ?la 
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ment is stretched again by the same degree or a higher P 
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 ?nished ?lament possesses the most favor 
able shrinkage on boiling and thermo-sh'rinlcage required 
for the further processing in the weaving and knitting mill, 
so that a setting of the ?lament can be dispensed with. 
The term “shrinkage on boiling” indicates the degree of 
shrinkage in percent a ?lament undergoes when dipped 
into boiling Water. By the term “thermo-shrinkage” 
there is to be understood the degree of shrinkage ta ?la 
ment undergoes when kept for a few seconds in hot air 
of 200° C. 'If the ?lament 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. . I 

FIG. 3 is a diagrammatic view of still another embodi 
ment according to the invention. ' 
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The process of the invention can be carried out as 7 
follows: (cf. FIGURE 1 of the accompanying drawings).. 
The stretched ?lament of linear aromatic polyesters. is 

Wound up on a cop which is placed on a ‘spindle- lfro- _ 
tating at a high speed and the ?lament is drawn o?" up 
wardly whereby it is twisted. It is then conducted over a 
thread guide 2 land a guide roll 3 into aicontainer 4 which 
is charged with a treating liquid; The ?lament 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. 

65 

A further mode of execution of the process of the, 111-‘ 
vention is illustrated. with reference to FEGURE 2. , 

' The ?lament is twisted and passed through the treating 7 
liquid as described above. Subsequently, it is dried on 
heated roller 5, passed through heating channel 7 (tem-g. 
perature 220° ~C.—350°' C.) and fed‘to roller>8 rotating 
at a lower speed. Between roller 5 and roller‘ 8 the ?la 
ment is allowed to shrink by the desired degree. The ?la 
ment is then passed to ‘a third roller 10' whichis mounted 
as stepped roller on roller 5. Stepped roller..10"rotates 
at a higher speed than roller 8 so that the filament is 

_ stretched between roller 8 and the stepped roller to a .de " 
gree which is smaller thanthat ‘of the previous shrinkage.‘ 
After stretching, the ?lament is wound up on bobbin.14' 
via ‘guide roller 12 and changeable thread guide 13. Dry-. 
ing roller 5 has preferablyv a temperaturewithin the range ' 

of 50° C. to'l20" C. , _ ’ ‘ In the process of the invention the ?lament 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 ‘ i 
if it remains behind on the ?lament. The, chemical nature 
of the substance is only of minor importance. Decisive 
are its physical properties. A wide variety of substancesv I 
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 ?uid, syrupy, pasty or may form ?lms. 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. Besidesthere may be used 
other mono- or polyhydrichigh-boiling alcohols, such as‘ 

‘ glycerol, lauryl-talcohols, glycols, and polyglycols. Fur-5 
thermore, there may advantageously be used substances 
containing one or several reactive groups, for example hy-. 
droxyl or curboxy-l ‘groups, as well as‘ substances that-are 
tree from reactive groups ‘and swell the polyester ?la- ' 
ment, for example high-boiling esters, high-boiling ethers 
or aromatic high-boiling hydrocarbons such as diphe'nyl. . ‘. 
Still further‘, there are suitable for wetting the ?laments . ~- ' 
higher molecular mono- or di-carboxylicyacidsas far asv 
they do not decompose at a temperature above ‘200° C., 
and the esters thereof, for example terephthalic acid die 
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 ?laments 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 dyestu?c to the treatment bath the ?laments 

are simultaneously‘ dyed, or by adding an optic-albright 
ener, forexample a substance of the following formula; . 

N 
H NH 

' ,the degree of ‘whiteness of theg?larnents is improved. " 

Patented‘ Dec. 8., 1964 i ' 



' stances listed above. 

' It is also possible to apply a sizing agent to the ?laments 
by ‘adding such'sizing agent to the treating bath. Excel; 
lently sized ?laments are obtained, for example, with the 
use of emulsions of acid polyacrylic acid esters. 

‘ When ?laments shall be prepared which have an espe 
cially good dyeability and an improved handle and gloss, 
it is of advantage to ‘use, instead of ?laments having a 
round cross section, ?laments having a larger surface area, 
such as ?laments‘ 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 dyestutf than ?laments having a 

'roundrcross section so that it is possible to obtain very 
dark dyeings without‘the use of carriers. 
7 .In special cases it may be advantageous to treat ‘?la 
ments of polyethylene terephthalate having a low viscosity, 
for ‘example a speci?c viscosity-tin the range of 0.450 to ‘ 
0.7.00. 'By speci?c 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 dyestu? receptivity of 
?laments'made from a polyester of this kind can be im 
proved under wmilder conditions. i.e. at lower temperatures 
andwith alower degree of shrinkage, by'thesame or a 
higher percentage than that of ?laments made from poly 
ethylene terephthalate having a speci?c viscosity of 0.800. 
'According to afurther variant of the process ,ofr'the. 

present invention the chemical substances which improve 
the dyestuif receptivity of polyester?laments are applied 
to the ?laments not after the twisting but already, together ' 
with the spinning preparation. It is recommended to use 
substances,rsuch as high-boiling esters or hydroxyethyiated 
acids, which are suitable as spinning preparation as well 
as for improving the dyeability. The spun ?laments 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 
of the same compounds as used as spinning preparation, 
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ing chambers '7 and. 112' which is then passed twice by 
the ?lament. ' ~ ' 

The ?laments treated by the process of the invention 
are ?nished and can be well dyed with dispersion dycstu?isa 
Furthermore, the treated ?laments possess good textile 
properties. It is possible, for example, to adjust their 

. shrinking values as desired, depending on the degree of 

10 
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heated at a temperature of above 220° C. while being al- ‘ 
lowed to shrink and ?nally stretched again. ‘ 40 

Another variant of'the process of the invention con-fv 
’ sists in 'allowingthe?lament of linear aromatic polyesters 
to shrink in a 'continuousoperation‘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. 
wound up. By this treatment the ?lament'is set so that 
a further setting by hot air or steam‘ can bev dispensed 
with.’ This special embodiment of the invention is further 
‘illustrated with the aid of the accompanying FIGURE 3. 
A stretched polyester ?lament is twisted with the aid of ‘ 

twisting spindle 1, passed through thread’ guide 2 and in 
troduced into treating bath 4 which is charged vwith a 
solution, dispersion or eniulsion’of at leastv one of the sub 

The ?lament ~is' impregnated with 
said substances and dried on heated roller 5. The ?lament 

' is thenpassed through heating chamber ‘7 ‘where it is al 
lowed to shrink by 5-35 % since roller 8 rotates. slower" 

The ‘?lament travels to‘ . than roller 5 by. this degree. 
‘ roller 10', which is mounted as, stepped roller on roller 5.’ 
The diameter of: stepped roller 10' can be equal to or 
smaller than thatof roller 5. The stepped roller rotates 
atYa higher speed than rollenS so that the ?lament is 
stretched‘between roller 8 and roller,l0"by an'adiustable ‘ 
degree. After having been stretched the ?lament: is again 
passedthrough a heating channel 12' heated at atempera 
ture in’ the range of 220° C. to 350° C. It then ‘travels 
over iguide roll 13' and changeable thread guide 14? to 
winding-up roller 15 having a lower circumferential speed 
than roller 10' so that on the Way between'roller 10' and 

The ?lament is subsequently 
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- excellently dyed with ‘dispersion dyestulfs. 

rte-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. 

7 Example I 

A stretched ?lament of polyethylene terephthalate hav 
ing a titer of 100/ 50,1which 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 water. The ?lament’ was then fed at a speed of 
50 m./minute to a drying-roller which. was heatedyto' 
100° C. and to which belonged an intermediate roller, the 
?lament being wrapped 12 times around said latter roller. I 
The ?lament then travelled through a heating chamber 
which was 40 cm. long. and heated to 250° C. The ,?la: 
ment was then drawn off-from the draw roller, around 
which it was wrapped l2rtirnes, at a speed of 37.5 m./min 
ute so that it was allowed to shrink in the heating cham 
her by 25 %. Subsequently, the ?lamentwas passed ‘12 
times around a roller having a speed of 42.5 -m./minute 
and to which belonged an intermediate roller, whereby it 
was stretched again. After having leftv said roller the 
?lament was wound up. The twisted ?lament thus ob 
tained was ready for sale and of very good quality. It had 
a much better dyeability than comparative ?laments made 
from the same cop which had been separately 'twisted' V 
and heat-set with hot steam. 
On dyeing with the bromination product of 1,5-dianiino-V 

4,S-dihydroxyanthraquinone the ?lament absorbed 55.5% 
of the dyestuff used. ' 

‘ - . V 'ExampleZ 

Stretched ?laments ofypolyethylene terephthalate hav 
_ing a titer of 100/50 were twisted and further treated .as 

- f described in Example 1. 
of 15% strength in water, there was used a 15 % solutionv 
'of sebacic acid dimethyl ester inethanol. 

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'rollerhad a speed of 
only 35 m./minute. Thus the filamentv was allowed to 
shrink by 30% on this distance. 

ment the ?lament was heat-set for 20 minutes, at [110° C. 
with steam. .The ?laments obtained could be well dyed 
with dispersion dyestuffs. On dyeing as described: in Ex 
ample l, the ?laments absorbed 65.0% of the .dyestu? 
used. . 

Example 3 
Stretched ?laments 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 te-rephthalic acid dibutyl ester in 
methanol. The ?rst rollerwas heated at 801C. and 
rotatedat a speed of 50 nil/minute, while the'isecond 
roller had a speed of 35 m./ minute so that the ?laments 
were allowed ‘to shrink by 30%. The'third roller ro 
‘tated at a speed of 40,m./minute whereby the ?laments 
were again stretchedJ The‘ resulting ?lamentscould- be 

On ‘dyeing 
. as described in Example 1: the ?laments absorbedi89.0% 

70 

winding-uplS ‘the ?lament-is again allowed .to‘shrink in a v 
heating zone 12’ by‘an' adjustable degree.- When the two 

, shrinkages are effected at the’ same temperature, it is pos 
sible touse one heating chamber insteadv of the two heat 75 

0f the dyestutf used. . I 

~ ' Example 4 

,_ Stretched ?laments‘ of polyethylene terephthalate hav-. 
'lng a titer of ‘100/50 were-twisted and‘treated, as de-~ 
scribed in Example 1 with a'glycerol solution of 15% 
strength. The ?rst roller was heated at 100°' C.'and ro-t 

The ?lament was then . 

stretched again by 30% and ,wound up. After, said treat- . 
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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 ?laments 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 ?lamentswere 
stretched to their‘ initial length. After. said treatment, 
the ?laments 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 ?laments absorbed 
53.5% of the dyestu?’ used. 

Example 5 

Stretched ?laments'of polyethylene terephthalate hav- _ 
ing a titer of 100/50 and a speci?c viscosity ofv 0.620 
were twisted as described in Example 1 and treated with 
a 15% glycerol solution. The ?rst 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 ?laments were allowed 
to shrink by 20% and then stretched again. The ?la 
ments obtained absorbed 74.0% of the dyestu? used 
when dyed as described in Example 1. 

Example 6 

Stretched ?laments 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 ?rst 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 ?laments could shrink by 30% in the 
heating chamber having a temperature of 250°. C. The 

' third roller had a speed of 40 m./rni'nute whereby the 
?laments were stretched again. The resulting ?laments 
were distinguished by an excellent dyeability with dis 
persion dyestuffs. They absorbed 89.5% of the dyestuff 
used when dyed as described inExample l. Fabrics 
made from the ?laments had a nice silky gloss. ' 

Example 7 

Stretched ?laments having a titer of‘ 75/35 of poly 
ethylene terephthalate (speci?c viscosity 0.620), the in 
dividual capillaries of which had a cross section in the 
form of a star with ?ve points, were twisted as described 
in Example 1 and treated with a 15 % glycerol solution. 
The ?rst roller which was heated at 100° C. rotated at 
a speed of 40 m./n1inute and the second roller had a 
speed of 32 m./minute so that the ?lament was allowed 
to shrink by 20% in the heating chamber having a tem 
perature of 250° C. The ?laments were then stretched 
again. The resulting ?laments absorbed 74.5% of the 
dyestuif used when dyed as described in Example 1. 

' Woven or knitted articles made from the ?laments pos 
sessed a wonderful silky gloss. 

Example 8 

Stretched ?laments 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% 
ofdioctyl sebacate and 15% of a condensation product 
from lauric acid with 7 mols of ethylene oxide. 

of 35 m./minute so that the'?iament 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 ?laments were stretched again. The ?la 
ments obtained showed an excellent receptivity for dis 
persion dyestuffs. When dyed as described in Example 
1 they absorbed 87.0% of the dyestu? used. ‘ 

The, 
?rst roller was heated at 100° C. and rotated at a speed" 
‘of 50 m./minute while the second roller had a speed 
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Example 9 ~ » 

A ?lament of polyethylene terephthalate having a titer 
of _100/ 50 was twisted and then passedithrough an emul 
sion consisting of ‘6% of dioctyl sebacate,’ 6% of a . 
condensation product vfrom oleyl 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 
?lament was dried on a roller heated at 100° C. around 
which. the ?lament was wrapped 12 times. The roller 
had a speed of 50 n1./rninute.: The ?lament 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 ?lament 
was allowed to shrink by 30%. The ?lament was ‘then 
reconducted to a third roller mounted as stepped roller 
on the ?rst roller, heated at 100° C. and rotating at a 
speed of 50 m./minute. ‘Thus the ?lament 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"rn./rninute so that the ?la 
ment was again allowed to shrink by 20%. The ?la 
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 dyestu?’ 3% of the bromination prod 
net of 1,5-diarnino - 4,8 - dihydroxyanthraquinone (calcu 
lated on the Weight of the ?lament) the ?lament ab 
sorbed, in the absence of a carrier, 79.0% of the dye 
stu? used. . 

Example 10 
A ?lament 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 oleyl alcohol and 5 mols of ethylene oxide 
in water. The ?lament 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 ?nnished ?lament 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 ?la 
ment absorbed 90% of the dyestu?" used. 

I claim: . i 3 1. 

1. A process for processing stretched ?laments of aro 
gmatic polyesters of high molecular, weight, which com 
prises twisting the stretched ?lament's, passing the twisted 
?lament 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 ?lament to two rollers ' 
which serve as ?xed points and rotate at ditferent speeds, , 
the ?rstv one of which is heated, wrapping the ?lament. ’ 
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 0.1v to 5 seconds, 
simultaneously allowing the ?lament to undergo an ad 
justable shrinkage of_5 to 35%, againrstretching the ?la 
ment and winding it up, said steps being’carried o 
one continuous operation. 

2. The process oflcla'im 1, wherein the twisted ?la-v 
ment is heated .to a temperature within the range of '7 
250° C. to 280° C. 

3. The process of'claim 1, wherein the ?lament is ‘3.1-.- ' 
lowed to undergo an adjustable shrinkage of 10 to 25%. 

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

5. The process of claim 1'; wherein at least-one disper- , i 
sion dyestu? is'a'dded to the bath in addition to the re-_ 
active compound. . l 

6. The process of claim 1, wherein an optical brightener 
is added to the bath. 

tin_ 
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7. The process of claim 1, wherein the optical ‘bright; 
ener is ‘a substance corresponding to the formula 

8. The process ‘of claini 1,‘ Which‘comprises re-stretch-i ' 
ing the shrunk ?lament 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 ?lament ‘by a smaller degree than it pre 
viously shrunk and~winding it up. ' 

\10. The process of claim 1, which comprises: re-stretch 15 

Q 
~ 0 _ i 

ing‘the shrunk ‘?lament by ‘a larger degree than it pre 
viously shrunk and Winding it up. _ _ v ' ‘ 

11. The process of claim 1, whichcomprises setting 
the ‘re-stretched ?lament 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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