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ABSTRACT OF THE DISCLOSURE 
Process of heating a synthetic polymer thread over a 

?rst set of draw rollers at the drawing temperature of the 
thread and then over a second set of draw rollers at the 
?xation temperature of the thread while maintaining the 
temperature of the thread at least as high as said drawing 
temperature but below the ?xation temperature in a 
linear path of the thread free of contact with heated 
surfaces between the sets of ‘rollers, preferably carrying 
the drawing and heating steps under a common vacuum. 
Suitable apparatus comprises the two sets of draw rollers, 
means to heat the thread in its linear path between said 
sets of rollers in an at least partially enclosed heating 
zone, a readily detachable housing means over said sets 
of rollers and said heating means, and a vacuum pump 
connected to said housing for its evacuation. The thread 
produced has highly uniform properties for textile ap 
plications. 

The invention is concerned with a process and a device 
for the heat treatment of a thread of a ?lamentary syn 
thetic thermoplastic polymer, e.g. as a mono- or multi 
?lament thread, yarn or similar ?brous structure. The 
thread is adapted to run over two spaced drawing cylin 
ders which can be separately heated and rotated at differ 
ent peripheral velocities so as to permit both drawing. 
and ?xation of the thread. . 
Many different processes and devices have become 

known for the drawing or stretching of threads of syn 
thetic polymers, in some instances including a ?xation 
of the drawn thread with a certain degree of shrinkage. 
It is of course possible to subject polymer threads such as 
the nylons or polyesters to either a hot draw or a cold 
draw, but the thread must be heated for ?xation. 
For example, German Patent No. 951,290 provides 

heated cylinders employed singly or in pairs as supply 
rollers and drawing rollers as well as relaxation rollers. 
In U.S. ‘Patent No. 2,942,325, a heated supply roller and 
a heating galette are used in combination with an un 
heated more rapidly rotated drawing roller, arranged one 
after the other. Between the heating galette and the draw 
ing roller, the thread is not heated. No ?xation is intended 
with this arrangement. U.S. Patent No. 2,509,741 suggests 
still another procedure wherein the thread is heated by 
radiation or direct contact as it runs ‘between unheated 
rollers or cylinders placed at a certain distance from each 
other. As taught by the patent, this arrangement requires 
considerable space since two heating devices separated by 
an unheated roller or cylinder are required. 

Still another procedure is demonstrated in Example 5 
of U.S. Patent No. 2,956,330, wherein the thread runs 
from an unheated supply cylinder over a heated drawing 
pin as well as a heating device and only then over an un 
heated drawing cylinder. Thereafter, the thread is ?xed 
and shrunk in another relatively long or spacious heating 
zone. In addition to the relatively large space require 
ments of this arrangement, the repeated heating using 
a multiple of heating elements is uneconomical. Further 
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more, the procedure tends to be damaging to the ?lament 
or ?ber structure of the thread, as evidenced by a di 
minished tensile strength and an excessive extension 
(elongation at break). 

In Example 4 of U.S. Patent No. 3,090,997, a similar 
two-stage drawing procedure is described. In this case, the 
thread runs from an unheated supply roller to a heated 
drawing pin, then to a ?rst heated drawing cylinder and 
thereafter over a heating drum or cylinder as well as a 
heating tube to a second heated drawing cylinder. In this 
arrangement, the ?laments of the thread are mechanically 
stressed when running over the drawing pin. Again, the 
thread is drawn in two separate stages so that damage to 
the ?ber structure occurs, apparently due to the repeated 
heating, stretching and cooling of the ?laments. 

It is an object of the present invention to provide a 
process and apparatus for the heat treatment of synthetic 
polymer threads, particularly to achieve a drawing or 
stretching followed by ?xation of the thread, whereby 
the disadvantages of prior procedures and devices can be 
avoided. ‘Other objects and advantages of the invention 
will be more apparent upon consideration of the fol 
lowing detailed speci?cation. 

It has now been found in accordance with the inven 
tion that a substantial improvement can be achieved in 
the heat treatment of a thread of a ?lamentary synthetic 
thermoplastic polymer by carrying the thread in running 
contact over a ?rst and second heated rotatable draw 
means which freely support the thread in a linear path 
therebetween, and applying heat to the thread in an at 
least partially enclosed heating zone over substantially 
the entire linear thread path between the two 
‘draw means such that the temperature of the thread is 
maintained at least at its drawing temperature but below 
its ?xation temperature. By maintaining the ?rst draw 
means at the drawing temperature and the second draw 
means at the ?xation temperature, preferably employing 
a second stage of smaller diameter on the cylindrical ele 
ment of the second draw means, the thread can be drawn 
and ?xed while accommodating shrinkage of the thread. 
Each of the heated draw means and the intermediate 
heating means adapted to heat the thread free of direct 
contact with heated surfaces are desirably mounted with 
in a common enclosure in the form of an easily disas 
sembled box or housing, preferably connected to a vacuum 
pump in order to evacuate the housing during the drawing 
and ?xation of the thread. 
A particular embodiment of the invention is set ‘forth 

in the following description taken in conjunction with 
the drawings wherein: 

FIG. 1 is a perspective view of a portion of the device 
of the invention showing a suitable arrangement of the 
individual thread contacting elements and heating means 
on a mounting panel, certain segments or elements being 
omitted or partly broken away; 

FIG. 2 is a corresponding perspective view of a cover 
or lid which ?ts over the elements shown in FIG. 1; 

FIG. 3 is a top plan view illustrating a series of covers 
or lids as mounted or being assembled on a common 
supporting plate, the remaining elements for heat treat 
ment of the thread being omitted for the sake of clarity; 
FIGS. 4 and 5 are each cross-sectional views taken 

on lines 4—4 and 5-5, respectively, of the heating ele 
ment of FIG. 1 in order to illustrate a variation in the 
structure of this element over its length ‘so as to supply 
different amounts of heat to the thread; and 
FIG. 6 is a schematic view of the overall apparatus 

used in combination for the heat treatment of a synthetic 
polymer thread in accordance with the invention. 
The term “thread” is employed herein with reference 

to the usual ?lamentary or ?ber-like structure of synthetic 
polymers, The invention is not limited to speci?c threads 
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or speci?c polymers but is especially useful with the 
conventional undrawn or only partially drawn threads of 
high molecular weight linear ?ber-forming polymers such 
as the nylons, e.g. polycaprolactam or polyhexamethylene 
adipamide, or the polyesters such as polyethylene ter 
ephthalate. It will also be understood that the speci?c 
drawing or stretching temperatures as well as the tem 
perature of ?xation depend upon the particular polymer, 
the initial physical properties of the individual ?laments 
and the desired properties in the drawn thread. These 
temperatures can be easily regulated by one skilled in this 
art in order to achieve a hot draw followed by heated 
?xation and, if desired, a certain shrinkage of the thread. 
There are various constructions and arrangements of 
drawing or stretching means which generally require ro 
tatable cylinders, rollers or the like having different diam 
eters and/ or different peripheral velocities in running con 
tact with the thread in order to apply the required ten 
sion or degree of draw. The device illustrated herein rep 
resents a particular preferred embodiment of such draw 
means without excluding obvious variations falling within 
the scope of the appended claims. 

Referring now to this speci?c embodiment illustrated in 
the drawings, the thread is initially supplied to the draw 
ing means and heat treatment according to the inven 
tion by the apparatus shown at the uper end of FIG. 1. 
A drive shaft 1 is motor driven at a regulated speed to 
gether with the drive cylinder 2 with pressure being ex 
erted on thread 30 by means of the second roler 4 ro 
tatably mounted on supporting arm 3 which in turn is 
pivotally mounted on the supporting shaft 5. 
On the inner side of the mounting plate 6, there are 

positioned a ?rst drawing cylinder 7 with its separat 
ing pin 8 and, at a relatively short distance therefrom, 
e.g. 40 to 80 cm., a second drawing cylinder 9 with its 
separating pin 10. In this typical combination of a draw 
cylinder and separating pin of relatively smaller diam 
eter, the pin is generally canted toward the cylinder to 
permit several windings of thread to progressively travel 
outwardly over both elements, and this pin need not be 
heated but should usually be freely turning on its support 
ing axis or shaft. One or both of the drawing cylinders 
can be constructed in stages, either to provide variations 
in the heat applied and/or to vary the speed of thread 
travel thercover by means of coaxial cylindrical segments 
of different diameter. Also, the cylindrical surfaces can be 
grooved or adapted to provide frictional adherence to the 
thread as in conventional elements of this type. 
Each of the cylinders 7 and 9 are mounted for rota 

tion and driven at a predetermined circumferential velocity 
according to the stretch or draw imparted to the threaded, 
e.g. with increasing velocity from drawing cylinder 7 to 
drawing cylinder 9. Both of the drawing cylinders 7 and 
9 are heated in any suitable manner, preferably by in 
ternal inductive heating although hot gases such as steam 
or other means of electrically heating the cylinders from 
their interior outwardly to the thread contacting circum 
ference are also feasible. 

In the speci?c embodiment illustrated herein, cylinder 
7 is a single stage draw means. The cylinder 9, on the 
other hand, is constructed in two stages with the primary 
roller or cylindrical segment 12 providing a draw means in 
cooperation with the separating pin 10, while the coaxially 
extending cylindrical portion 13 in cooperation with a 
second freely turning separating pin 11 provides a means 
of accommodating shrinkage in the thread at the ?xation 
temperature. If desired, the two cylindrical stages 12 and 
13 can be heated at different temperatures and their pe 
ripheral velocities are different due to the difference in 
their diameters. 

In addition, the mounting plate 6 carries a heating ele 
ment 14 which in the drawing is an electrically heated 
metallic bar, plate or rail with two oppositely disposed 
strips or side walls 14a and 14b which lie adjacent to or 
along the path of the thread over substantially its entire 
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length as freely supported between the two draw means, 
i.e. between pins 8 and 10. The heating rail 14 is simply 
an electric resistance element capable of being heated to 
any desired temperature by conventional control means 
(not shown), independently of the heat supplied to the 
drawing cylinders. The side walls or strips 14a and 14b 
of this heating element are placed in close proximity to 
the thread path but without making direct contact with 
the thread so as to maintain the thread within the essen 
tial temperature range of the invention during its travel 
from the ?rst draw means to the second draw means. 

In FIGS. 4 and 5, it will be recognized that the heating 
rail 14 can be constructed with a variable pro?le, i.e. a 
gradually decreasing cross-section from top to bottom 
such that in being heated the temperature gradually in 
creases from top to bottom. Other heating means are 
also suitable, e.g. by using an electrically heated tube or 
pipe, preferably having a longitudinal slot for ease in the 
insertion of the thread. It is equally useful to employ other 
forms of heating and various heating devices, such as in 
fared light, electrical induction heating or steam heating 
provided that the thread path between the draw means is 
su?’iciently closed to apply heat indirectly to the thread 
and maintain the temperature within the prescribed limits. 
When using a heated rail 14 or similar grooved or 

slotted enclosure, the ends thereof are preferably located 
quite close to the turnable separating pins 8 and 10 in 
order to avoid any cooling of the thread. For purposes of 
illustration, portions of the rail have been cut away in 
FIG. 1 and the respective distances between the heated 
cylinders and the separating pins have been enlarged, The 
length of the rail may also be substantially greater than 
illustrated, although it is a particular advantage of the 
invention that both drawing means as well as the heating 
means therebetween can be mounted in a relatively small 
space. Thus, there is practically no heat loss from the 
thread as it is Wound around the pair of draw rolls repre 
sented by cylinder 7 and pin 8, conducted through the 
heating rail 14 and then wound around the two-stage pairs 
of rollers represented by draw rolls 12, 10 and shrinkage 
rolls 13, 11. 

It is particularly desirable to mount the drawing and 
heating means of the invention within an almost air 
tight box, housing or similar enclosure as shown in de 
tail in FIGS. 2 and 3. The housing is preferably metallic 
in construction but lined with a suitable insulating mate 
rial to prevent excessive heat losses. The mounting panel 
6 acts as one side of this housing and is adapted to receive 
a cover or lid 23 by means of slots 15 in which the brack 
cts 17 connected to the cover by hinges 16 slide back and 
forth. The panel 6 also contains another slot or opening 
19 for the bolt 20 on the locking lever 21. This locking 
lever is turnably or pivotally mounted to the inwardly 
spaced side wall 18 of the insulated cover 23 by means of 
a pin or bolt 22. If the cover is to be removed, the lever 
21 is lifted by means of knob 26 from its position of rest 
on a pin or stud 24 as shown in FIG. 3 so that the bolt 
20 is disengaged from the slot 19. In the closed position, 
the cover 23 is held tightly to the mounting plate 6 by 
engaging the bolt 20 in slot 19, the weight of the knob 
26 being su?icient to prevent accidental lifting of the 
lever. The ears 25 of the brackets or hinged ?anges 17 
prevent the cover 23 from being completely detached or 
removed from the mounting panel 6. Other means of 
partially or completely removing the cover are equally 
suitable. 

In order to permit observation of the apparatus dur 
ing operation, two viewing windows 27 are provided on 
the outer wall. The thread is run through the cover by 
means of an inlet slot 29 and a corresponding outlet slot 
at the bottom of the cover (not shown). In addition, the 
enclosure is in gaseous connection with a vacuum pump 
by means of a ?exible conduit or hose 28 in order to 
evacuate air, steam or other gases from the interior of 
the enclosure. This evacuation is desirable not only to 
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prevent an accumulation of undesirable gases but also 
to prevent an overheating of the enclosed apparatus. and 
structural members, thereby permitting a more careful 
control of the individually heated drawing cylinders and 
heating rail. 
The overall operation of the apparatus can be explained 

with reference to the schematic sequence shown in FIG. 
6, referring to the other ?gures of the drawing where 
necessary. 
The thread 30 is withdrawn from a bobbin 31 and fed 

by means of the supply rolls 2 and 4 into the enclosure 
23 through slots 29. The thread is ?rst wound several 
times around the draw rolls 7 and 8 and is heated to its 
drawing temperature by the heated roll 7. The thread then 
runs in a linear path free of contact with other surfaces 
to the second set of draw rolls 10 and 12. The heated 
roll or cylinder 12 is operated at a higher peripheral 
velocity than cylinder 7 so that the thread is primarily 
drawn or stretched between these two cylinders. The 
drawing point is usually reached as the thread unwinds 
or runs off from the separating pin 8. However, even 
after this point of drawing, the thread ordinarily still 
possesses a small percentage of its draw or stretch ca 
pacity. 

Between the separating pins 8 and 10, the thread runs 
through the heating zone provided by the heating device 
14 without coming in direct contact with the heated sur 
faces. In this heating zone between the two pins, the 
thread must be maintained at least at the drawing tem 
perature, and it is preferable to gradually ‘increase its 
temperature up to but in no case above its ?xation tem 
perature (e.g. up to about 80° C. above the drawing tem 
perature in certain instances). The exact ?xation tempera 
ture is maintained on the cylinder 9. 

If shrinkage of the thread is desired as well as ?xa 
tion, the thread is led over the ?rst stage of cylinder 9 
represented by rollers 12 and 10 and is then passed to 
the second stage represented by rollers 13 and 11. When 
driven on the same shaft, the roller or cylindrical seg 
ment 13 has a slower peripheral velocity than segment 12 
because of its correspondingly smaller diameter, thereby 
permitting the thread to shrink. It is desirable, of course, 
to wind the thread several times around the stage cylin 
ders 12 and 13 as well as their respectively coacting sep 
arating pins 10 and 11 so that these pairs of rollers can 
exert the forces required for drawing and shrinkage dur 
ing the travel of the thread through the apparatus. The 
drawn and ?xed thread then exits through the bottom of 
the enclosure and is collected on a suitable take-up spool 
or bobbin 32. 
The box or enclosing cover 23 prevents substantial 

heat losses from the heated drawing cylinders and any 
heating means employed to maintain the freely supported 
thread at a temperature between the drawing and ?xation 
temperatures, thereby providing a better use of the gen 
erated heat energy and a more economical process. 

It is essential for purposes of the present invention to 
avoid any substantial cooling between the two sets of 
draw rolls, and for this reason, the heating rail or any 
other heating device should supply heat to the thread 
over practically the entire length of thread extending 
between the draw means. Of course, since the thread 
runs at a more or less rapid linear speed, it will tend to 
retain a certain amount of heat for short distances, es 
pecially if the enclosure has been evacuated. Certain 
minor adjustments in the position and arrangement of the 
various enclosed drawing, heating and ?xing elements 
can thus be made without departing from the spirit or 
scope of the invention. Likewise, there is no absolute tem 
perature required for any particular drawing, heating 
or ?xing operation, nor is it essential to produce a shrink 
age of the thread. Thus heating of the drawing cylinders 
may be accomplished in segments or stages merely if 
this is desirable in terms of the particular thread proper 
ties to be achieved. Naturally, the linear speed of the 

6 
thread must be reduced when passing from a ?rst to 
second stage during ?xation, but for ?xing without shrink 
age, such stages can be omitted. The intermediate heat 
ing means for indirect heating of the thread between the 
drawing cylinders can also be made up of individual seg 
ments or even separate contiguous heating elements. By 
gradually increasing the temperature of the thread in the 
intermediate heating zone, sudden ?uctuations of thread 
temperature can be avoided with less of a tendency 
toward thread damage. 

In using the process and device of the invention on 
threads composed of various synthetic polymer ?laments, 
previously unavoidable problems have been avoided so 
as to produce threads of much higher quality and uni 
formity. 
As examples of treating speci?c threads, the following 

table sets forth the particular conditions used and the 
results achieved thereby: 
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TABLE 
EXAMPLE NO. 1 

25 Type: Polyester 
Denier: 125/25 
Stretch draw ratio: 1:4.55 

1st 60 cm 2d draw 
Delivery draw indirect and ?x 

rolls rolls heating ing rolls 

30 Speeds, m __________________ __ 131 132 ________ _. 600 
Temperatures, degrees __________________ _ _ 88 100 210 
Shrinkage, percent __________ __ 7 ____________________________ __ 

35 

EXAMPLE NO. 2 

Type: Polypropylen 
Denier: 108/36 

40 Stretch draw ratio: 1:3.04 

1st 60 cm. 2d draw 
Delivery draw indirect and ?x 

rolls rolls heating ing rolls 

Speeds, m ___________ __ 165 166 ________ _ _ 503 

Temperatures, degrees. 
Shrinkage, percent.___. 

45 

The invention is hereby claimed as follows: 
1. In a process for the heated drawing and ?xation of 

a thread of a ?lamentary synthetic thermoplastic polymer, 
the improvement comprising: 

drawing said thread between a ?rst heated rotatable 
cylinder maintained at the drawing temperature of 
said thread and a second heated rotatable cylinder 
maintained at the ?xation temperature of said thread, 
the thread being in running contact with each of 
said heated cylinders, said thread thereby being 
heated to the drawing temperature on said ?rst 
cylinder and being heated to the ?xation tempera 
ture on said second cylinder; and 

heating said thread over substantially the entire thread 
path between‘ said cylinders in an at least partially 
enclosed heating zone at a temperature su?iciently 
high to maintain said thread at said drawing tem 
perature but below said ?xation temperature while 
said thread is kept free of contact with heated sur 
faces. 

2. A process as claimed in claim 1 wherein said draw 
ing of said thread between said cylinders and said heating 
step are carried out in a substantially enclosed chamber 
maintained under a vacuum. 

3. A process as claimed in claim 2 wherein the tem 
perature of the thread in said heating zone is gradually 
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increased from said drawing temperature up to about said 
?xation temperature. 
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