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(57) ABSTRACT 

A method of drawing and heat treating undrawn filaments of 
condensation polymer between a heated feed roller rotating at 
a constant peripheral speed and a draw roller rotating a con 
stant peripheral speed greater than that of the former, the sur 
face of said feed roller being heated at a temperature within 
the range of from the second order transition point of said fila 
ments to a temperature 55 C. higher than the second order 
transition point, characterized in that, 

a. a pressure roller is provided which rotates by contacting 
with the aforesaid heated feed roller and presses against 
at least the final turn of the filament wound around the 
heated feed roller to thereby fix the necking point at the 
point of contact of the two rollers; and 

b. a slit heater having a groove width of 0.5-3.0 mm is 
disposed between the heated feed roller and the drawing 
roller, the temperature (y C.) of the slitheater and treat 
ing time (A sec.) being so chosen as to satisfy the follow 
ing conditions: y : -1770.8.x + 255, 100 s y s 400, 
and 0.01 is v is 0.12. 

5 Claims, 6 Drawing Figures 
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METHOD OF DRAWING AND HEAT TREATING 
SYNTHETICFLAMENTS 

This application is a continuation-in-part of our copending 
application, Ser. No. 658,799, filed Aug. 7, 1967 and now 
U.S. Pat. No. 3,539,680, issued Nov. 10, 1970. 

This invention relates to a method of drawing and heat 
treating synthetic filaments of condensation polymers; espe 
cially polyester or polyamide filaments. 

In a prior continuous drawing and heat treating process, un 
drawn filaments are fed from a feed roller around a snubbing 
pin, and then they are contacted with a heated plate, followed 
by drawing with a draw roller which is rotating at a peripheral 
speed different from the peripheral speed of the feed roller. 
However, such a drawing and heat treating process suffers 

certain disadvantages. In particular when high drawing speeds 
are used and when the total denier of the undrawn filaments is 
large, a large number of wraps around the hot pin is required 
in order to impart sufficient heat to the filaments necessary for 
drawing. However, due to frictional resistance of the pin, 
there is a limit to the number of wraps that can be provided 
around the pin. Thus, the heating becomes insufficient or unu 
niform. Further, there has been the disadvantage that friction 
can cause undesirable properties in the filaments. In particular 
the necking point tends not to be fixed, but fluctuates thus 
causing fluffs(fuzzes) and unevenness in dyeing. Further, 
abrasion of the hot pin per se readily takes place with the 
result that the pin has to be renewed at intervals. 

Moreover, the fluctuation in tension during heat treatment 
become great depending upon various variations such as those 
of the wear the tear of the heated plate surface, the degree of 
pressing contact of the traveling filaments with the heated 
plate, the superficial condition of the filament itself, and the 
amount of lubricant on the filaments. As a result, the quality 
of the resulting heat treated filaments becomes nonuniform. 

In order to eliminate said disadvantages which attend the 
heat treatment carried out by means of contact with the 
heated plate, much effort is required such as exchanging the 
heated plate before its superficial wear and tear becomes ex 
cessive or exercising strict control over the surface tempera 
ture of the heated plate. In consequence, much labor and ex 
penses are required for eliminating the aforesaid disad 
vantages during the actual manufacturing process. 

In addition, as methods for minimizing the fluctuations in 
the tension during heat treatment, also conceivable are such 
methods as providing a bath of heated gas or liquid and 
passing the filaments through such a bath, or directly heating 
the traveling filaments by means of infrared rays. However, in 
either case it is extremely uneconomical, since the equipment 
and expenses required for carrying out the uniform heat treat 
ment at high speeds with the numerous spindles involved are 
eOORS, 

A primary object of the present invention is to provide a 
method of drawing and heat treating whereby synthetic fila 
ments of polycondensed polymers can be uniformly drawn 
and heat treated to obtain good quality yarn which is without 
fluffs and can be evenly dyed. Another object is to provide a 
drawing and heat treating method which can carry out the 
drawing and heat treating the filaments at a higher speed than 
that of the conventional methods. A further object is to pro 
vide a method of drawing and heat treating which has ad 
vantages from the standpoint of equipment requirements. 
The foregoing objects of the present invention are achieved 

by a method of drawing and heat treating undrawn filaments 
of condensation polymer between a heated feed roller rotating 
at a constant peripheral speed and a draw roller rotating a 
constant peripheral speed greater than that of the former, the 
surface of said feed roller being heated at a temperature 
within the range of from the second order transition point of 70 
said filaments to a temperature 55 C. higher than the second 
order transition point, characterized in that, 

a. a pressure roller is provided which rotates by contacting 
with the aforesaid heated feed roller and presses against at 
least the final turn of the filament wound around the heated 
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2 
feed roller to thereby fix the necking point at the point of con 
tact of the two rollers; and 

b. a slit heater having a groove width of 0.5 - 3.0 mm is 
disposed between the heated feed roller and the drawing 
roller, the temperature (y C.) of the slit heater and treating 
time (x second) being so chosen as to satisfy the following 
conditions; 

y a -1770.8 x + 255 
100 s y s 400 
0.01 s r s 0,12 

(wherein y is the temperature (C.) of the slit heater, x is 
the treating time (second) obtained by dividing the effective 
heating groove length of the slit heater by the traveling speed 
of the filaments.) 
The polycondensed polymers of which the undrawn fila 

ments to be drawn and heat treated by the method of this in 
vention are composed may be such, for example, as 
polyesters, polyamides and polycarbonates, or copolymers in 
which these predominate. These undrawn filaments can be ob 
tained by melt-spinning these polymers in customary manner. 
The preferable filaments used in the present invention are fila 
ments whose denier per monofilament is below 150. Among 
those undrawn filaments, filaments composed of polyesters 
are most preferable. 

Polyester filaments used in the present invention contain 
not less than 80 mol percent of ethylene terephthalate units, 
and as the other acid component, a dibasic acid such as 
phthalic acid, isophthalic acid, adipic acid, oxalic acid, 
sebacic acid, suberic acid, glutaric acid, pimelic acid, fumaric 
acid and succinic acid is used. A polymerization degree modi 
fier like propionic acid may be included. As alcohol con 
ponent, a divalent alcohol such as polymethylene glycol hav 
ing two-10 carbon atoms (trimethylene glycol and butylene 
glycol) and cyclohexane dimethanol may be cited, and they 
may contain a small amount of any of the following com 
pounds as a modifier, 5-oxydimethyl isophthalate, 5-ox 
ydimethylhexahydroisophthalate, benzene-1,3,5-tricarboxyl 
ic acid, paracarbomethoxy phenyl diethyl phosphonate, 3,5- 
dicarboxy phenyl diethyl phosphonate, pentaerythritol, 
glycerol, glucose, phosphoric acid, triphenylphosphate, tri-p- 
carbomethoxy phenyl phosphate, triphenyl phosphinate, 
triphenyl arsenite, tricaprylborate, sorbitan, trimesic acid and 
diethylene glycol. 
Although this invention may be applied to various 

polyesters described above, it is especially suitable for the 
drawing of filaments composed of polyethylene terephthalate 
alone. 
The cross sectional configuration of polyester filaments usa 

ble in the present invention may be normal circular, non-cir 
cular (triangular, pentagonal, flat, cross, etc.), hollow 
(doughnut, non-circular hollow). Especially when filaments 
having non-circular or non-circular hollow cross sectional 
configuration are drawn by the conventional drawing and heat 
treating process, fluffs and dyeing unevenness increase, how 
ever, according to the process of the present invention, it is 
possible to carry out drawing and heat treating of such fila 
ments without being said disadvantage. 
A preferred embodiment of the invention will be fully 

described with reference to the accompanying drawings, in 
which: 

FIGS. 1 and 2 are schematic front and side views, respec 
tively, of an embodiment of the present invention; 

FIGS. 3 and 4 are views illustrating one example of a slit 
heater, FIG. 3 being a cross-sectional view at right angles to 
the direction of travel of the filaments and FIG.4 being a view 
in vertical section as seen from the front in parallel to the 
direction of the travel of the filaments; 

FIG. 5 is a graph showing the scope of the heat-treating tem 
perature and treating time in this invention; and FIG. 6 is a 
view illustrating the relative positions of the heated feed roller 
and the pressure roller. 

Referring to FIGS. 1 and 2, undrawn filaments 2 are wound 
about a bobbin 1. The undrawn filaments 2 are fed from the 
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bobbin 1 with a guide 5 to a delivery roller 3 rotating at a 
predetermined speed and co-operating with a nip roller 4 ar 
ranged thereabove. The filaments 2 are fed from the roller 3 to 
a cylindrical heated feed roller 6 which is fixedly mounted on 
a positively driven rotary shaft (not shown). The feed roller 6 
has arranged therein a heating member (not shown) which 
maintains the peripheral surface of the roller at a predeter 
mined temperature. The heated feed roller 6 rotates at a 
peripheral speed slightly higher than that of the delivery roller 
3, thereby imparting necessary pre-tension to the filaments. In 
the vicinity of the heated feed roller 6, a separator roller 8 is 
mounted and the filaments are wrapped around the heated 
feed roller 6 and separator roller 8 the required number of 
times to heat the filaments and prevent them from slipping. 
The numeral 7 represents a freely rotatable pressure roller 
having an elastic outer surface which is in contact with the 
outer surface of the heated feed roller 6 and rotated, thereby 
pressing upon either several wraps of filaments containing at 
least the last wrap of filaments about to depart from the 
heated feed roller or only the last wrap on to the heated feed 
roller, whereby the necking point is definitely fixed at the con 
tact point of the two rollers without fluctuation. Below the 
heated feed roller 6, a slit heater 9 is provided, and further 
thereunder a draw roller 10 and a separator roller 11 for the 
draw roller are provided. The filaments are pulled from the 
feed roller by the drawing roller 10 and drawn. The filaments 
are heat-treated by the slit heater 9. 
As shown in FIGS. 1 and 2 the slitheater 9 comprises a lon 

gitudinal body having a lagged metal portion heated for in 
stance, electrically, and provided with a longitudinal duct or 
channel open at both ends through which the filaments pass, 
the channel having a slit extending along its length for 
facilitating stringing up the filaments prior to stretching. 

In practising the process, it is necessary that the surface 
temperature (T. C.) of the heated feed roller should be within 
the range of Tg C. to (Tg +55) C. where Tg C. is the second 
order transition point of the undrawn filaments. When T. C. 
becomes lower than Tg C., heat necessary for drawing is not 
imparted to the undrawn filaments, and as a result, dyeing 
unevenness is brought about in the drawn filaments. When T 

4. 
becomes higher than (Tg + 55). C., the undrawn filaments 
stick to one another by fusing and crystallize partially; then 
drawing all the filaments without any breaking becomes dif 
ficult. A preferable range of T is from (Tg +5) C. to (Tg -- 

5 25). C. 
According to the present invention, the filaments which 

have been drawn are heat treated by means of a slit heater 
under the following conditions. 

FIGS. 3 and 4 illustrate one embodiment of construction of 
the slit heater, the figures being respectively a cross-sectional 
view at right angles to the direction of travel of the filaments 
and a vertical sectional view as seen from the front in parallel 
to the direction of travel of the filaments. The slit heater is 

is made up of a grooved block 16 having an internally disposed 
heating source 17, heat insulating material. 12 and grooved 
block case 13 provided with slopes 14 to facilitate the in 
troduction of the filaments into the groove. As shown in FIGS. 
3 and 4, the groove is either U-shaped or U-shaped and has a 

20 groove width a, groove depth b and an effective heating 
groove length c in the direction of travel of the filaments. The 
filaments to be treated run through the central part of the 
groove without touching the wall of the groove. 
The reason why a slit heater is used in the drawing and heat 

25 treating method of the present invention is for ensuring that 
the filaments which have been uniformly drawn are caused to 
travel through the slit heater in a state of non-contact with the 
walls of the groove to thus prevent the fluctuation in tension 
during the heat treatment operation. Further, the heat treat 

30 ment of the filaments can be carried out by using the slit 
heater which has a groove width of 0.5 - 3.0 mm uniformly 
and most efficiently without the filaments touching the inner 
walls of the groove. 

Table I is for illustrating this fact. As the specimen, undrawn 
filaments of polyethylene terephthalate of 270 denier (36 fila 
ments) having a birefringence of 0.52 X 10 and intrinsic 
viscosity as measured in O-chlorophenol at 35°C. of 0.62 
were used, the sample used in each run being identical. This 
sample was drawn and heat treated by the non-contact 
technique using a slit heater. Several tests were conducted at 
this time varying the groove width a of the slit heater. Its 

TABLE I 

Groove length (c) mm. 
200 360 

Groove Groove depth (b) mm. 
width, -- ----- ------- 

Filament tension, g-fe. (a) mm. 5 0 20 30 5 10 20 30 

0.5 X 7.0 6.8 6.8 6.9 6.3 6.1 6.2 6.1 
-W 0.30 0.24 0.23 0.21 0.27 0.27 0.25 0.23 

... O X 7.1 7.0 7. 1 7.1 6.4 6.4 6.3 6.3 'Viv 0.28 0.24 0.22 0.20 0.29 0.23 0.20 0.20 
5 X 7.2 7.0 7.0 7.1 6.4 6.3 6.4 6.3 
W 0.27 0.22 0.20 0.21 0.28 0.24 0.20 0.20 
X 7.2 7.1 7.1 7.0 6.5 6.4 6.4 6.4 

0.9------------- 

1.5. - - - - - - - - - - - - 

2. O 

2. 5 

0.28 0.21 0.21 0.18 0.28 0.23 0.20 0.18 
7.3 7.2 7.0 7. 6.5 6.4 6.3 6.4 

0.27 0.20 0.18 0.20 0.26 0.22 0.21 0.18 
7, 2 7. i. 7. 1 7.0 6.6 6.4 6.5 6.4 
0.29 0.24 0.23 0.23 0.20 0.26.0, 24 0.23 
7.4 7.2 7.3 7.1 6.6 6, 5 6.6 6.4 
0.34 0.29 0.28 0.28 0.33 - 0.26 0.26 0.28 
8.0 7. ) 7.9 7.8 6.8 6, 6 6, 7 6.6 
0.28 0.25 0.23.0.2i 0.25 0.25 0, 24 0.23 
8.2 8.1. 8.0 - 8.0 6.9 6.8 6.7 6.8 

0.26 0.24 0.9 0.20 0.23 0.21 0.21 0.20 
8.2 8.1. 8, 0 8, 6.9. , 6.8 6.8 6, 7 
0.26 0.22 0.20 0, 9 0.27 0.20 0.20 0.18 
8.3 8. 8.0 8, 7.0 6, 9 6.9 6.8 

0.27 0.21 0.19) 0.20 0.24 0.21 (). 19 0, 20 
8.4 8.2 8.2 8.1 7.0 6.8 6. 7 6.8 . 
0.26 0.23 0.18 0.18 0.25 0.23 0.20 0.20 
8.3 8.2 8.2 8. 7.1 6.9 6.9 6.8 
0.28 0.24 0.21 0.21 0.25 0.25 0.23 0.22 
8, 5 8.3 8.4 8. 2 7.1 7.3 7. 1 7.2 
0.36 0.28 0.26 0.25 0.33 0,2) 0.28 0 

- 

0. 5 - 

0. - 

... 5 
W 

- 

W 

2. O 
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groove depth b and its effective heating groove length c in the 
direction of travel of the filaments, with the results shown in 
Table. 
The values in Table I are shrinkage in boiling water of the 

filaments which, after having been drawn under identical con 
ditions, were heat treated by a slit heater having varying 
groove widths and depths (the heating temperature used being 
200 C. and effective heating groove length being 200 mm and 
360 min), these values being given to illustrate the effects of 
the heat treatment. X in the table is the arithmetic mean of the 
values of shrinkage in boiling water with respect to the mea 
surements using six pirns, and VV is the square root of mean 
square of the six measured values. Generally, the smaller the 
shrinkage in boiling water, the greater the heat treating effect. 
Further, a smaller value of VVmeans that a more uniform 
heat treatmentis conducted. 
As shown in Table I, when the depth and length of the 

groove are constant, the heat setting effect becomes smaller as 
the groove width a increases. However, a worthy fact is that 
when the groove width a exceeds 3.0 mm the degree of varia 
tion of heat treatment effect (VV) becomes greater without 
being hardly affected by the depth or length of the groove. On 
the other hand, when the groove width is less than 0.5mm, the 
degree of variation in the heat setting effect among the pirns 
also becomes great, since the adjustment of the running posi 
tion of the filaments in the groove so as not to contact with the 
inner walls of the groove becomes very difficult. While the 
desirable groove depth b will vary depending upon the groove 
width a, because it is liable to be affected by the outside at 
mosphere when depth b is less than 5mm, the heat setting ef 
fect is somewhat less than in the case, where the depth b is 
greater than 5 mm and moreover the variation in the heat 
setting effect is also great. However, when that part of the slit 
heater which opens outwardly is sealed off by means of insu 
lating materialso as to leave only the slitted portion necessary 
for the travel of the filaments, the sufficient effect can be ob 
tained even if the groove depth is less than 5 mm. On the other 
hand, it is seen that the heating groove length c in the direction 
of the travel of the filaments, in the case where the groove 
width and groove depth are constant, does not have much ef 
fect on the degree of variation of the heat treating effect. 
According to this invention, a slit heater having a groove 

width of 0.5 mm - 3.0 mm, as hereinbefore indicated, is em 
ployed, and the heat treatment is carried out in such a manner 
that the heating temperature of this slitheater and the treating 
time satisfy the following conditions: 

- - - "Ty-1770.8 x+255 

100 is y s 400 
0.01 is x s 0.12 

whereiny is the temperature (C.) of the slit heater, and x is 
treating time (second) obtained by dividing the effective heat 
ing groove length of the slit heater by the traveling speed of 
the filament. 
FIG. 5 is a graphic representation of the scope of the forgo 

ing treating condition. The shaded portion of the graph en 
compasses the heating temperatures and treating times that 
are to be used in this invention. 
Even when a slit heater of a slit width of 0.5 - 3.0 mm is 

used, if the above conditions are not satisfied, a good heat 
treating effect intended in this invention cannot be achieved. 
When the heat treating time is less than 0.01 second, the 

heat treating effect becomes inadequate, and the shrinkage in 
boiling water of the treated filaments becomes high. On the 
other hand, when the heat treatment time exceeds 0.12 
second, fusing together of the individual filaments take place 
during the treatment. Again, if the temperature of the slit 
heater exceeds 400 C., the degradation of filaments occurs. 
when the temperature of the slitheaterfalls to below 100C., 
practically no heat treating effect is demonstrated. 

Further, the heat treatment effect is also unsatisfactory 
when the condition y 2-1770.8 x + 255 is not satisfied, the 
resulting treated filaments being undesirable since their 
shrinkage in boiling water exceeds 10 percent. The heating 
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6 
temperature which is desirably used depends upon the class of 
the filaments to be treated. In the case of polyethylene 
terephthalate, it is 200-280 C., and in the case of nylon-6, 
it is 180-260 C. When the slitheater is set at these tempera 
tures, the temperature of the filaments undergoing treatment 
becomes about 80 C. lower than this, and a desirable heat 
treatment effect is obtained. 

In a most preferable embodiment of the process of this in 
vention, the drawing is carried out so as to meet the following 
requirements. 
The first requirement is that the time (t seconds) of the con 

tact between the filament and the heated feed roller satisfies 
the condition expressed by the following formula depending 
on the surface temperature (TC.) of the heated feed roller: 
-0.120)T-Tg) + 28.420 a t = -0.003(T-Tg) + 0.189 

preferably 
-0.120(T-Tig) + 7.72 at a -0.003(T-Tg) + 0.189. 
The second requirement is that the position of the contact 

point where the pressure roller contacts the surface of the 
heated feed roller shown in FIGS. 1 and 2 is set up within a 
specific range. Referring now to FIG. 6 which is an enlarged 
view of this portion, the position of the contact point is such 
that an angle a formed by a radius connecting a point B where 
the filaments would depart from the heated feed roller if the 
pressure roller were absent or in an inoperative position, with 
the center A of the heated feed roller and a radius connecting 
the contact point D with center Adoes not exceed 20. 
When said angle a measured in the opposite direction of 

proceeding of the filaments exceeds 20 C, the necking point 
tends to fluctuate along the arc BD of the heated feed roller 
which causes non-uniform drawing. 
As the angle a becomes greater, the distance along which 

the drawn portion of the filaments contacts the heated feed 
roller, increases. Thus the appearance of fluffs in the drawn 
filaments is invited by an action of rubbing filaments which is 
due to the difference between the peripheral speed of the 
roller and the linear travelling speed of the drawn portion of 
the filaments. On the other hand, when the angle a measured 
in the direction of proceeding of the filaments exceeds 20 C, 
the drawn filaments get in contact with the pressure roller, not 
with the feed roller. Since the elastic material covering the 
surface of the pressure roller has a relatively low hardness, the 
contact results in damage to the surface of the pressure roller 
which in turn causes fluffs to occur and further increases the 
chances of filament breakage. At the same time, it becomes 
necessary to frequently replace the pressure roller. Further, 
the necking point will again fluctuate with the result that 
drawing becomes non-uniform, causing dyeing unevenness 
and the formation of fluffs. 
A preferable range of angle a is 0 to 3. By so doing, fric 

tion harmful to the filaments is minimized while maintaining 
sufficient heating and certain fixation of the necking point; as 
a result an excellent functional effect that makes it possible to 
carry outdrawing at a high speed can be obtained. 
A draw ratio which can be adopted in the process of the 

present invention is 2.0-6.0 and a drawing speed adoptable in 
the present invention is 50 m/min - 4,500 m/min, namely, an 
operation at a draw ratio and a drawing speed higher than 
those normally adopted is possible in the present invention. 
The third requirement is that before undrawn filaments pass 

round the heated feed roller, a predetermined pre-tension 
within the range of 10-90 percent of the tension at which the 
necking occurs in the drawing is imparted to said undrawn 
filaments. This tension at which the necking occurs in the 
drawing can be easily determined from the stress-strain curve 
of the undrawn filament obtained by conducting the tensile 
test of the said undrawn filament at a temperature of 20 C. 
and a relative humidity of 65 percent with the use of an In 
stron tester. 

According to experimental results, when this pretension is 
less than 10 percent of the tension at which the neck occurs it 
becomes difficult to maintain the tension in the undrawn fila 
ments at a predetermined value. On the other hand, when it is 
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more than 90 percent of said tension, local drawing is carried 
out to bring about dyeing unevenness and occurrence of fluffs. 
Therefore, it is preferable that this pre-tension is within the 
range of 10-90 percent of the tension at which the neck oc 
CS. 

Heretofore as an apparatus to impart these pre-tensions, a 
thread brake and a guide have been used. However, it is dif 
ficult for them to impart uniform and predetermined tension 
to filaments. In the present invention, in which the undrawn 
filaments are wrapped around the heated feed roller, in order 
to minimize the occurrence of fluffs and dyeing unevenness, it 
is especially required to feed said filaments under a predeter 
mined tension. Therefore, it is preferable to securely hold and 
withdraw the filaments by using a combination of a roller and 
a delivery roller as shown in FIGS. 1 and 2. In order to impart 
a preferable pre-tension as mentioned above, the ratio of 
peripheral speeds of the delivery roller to the heated feed 
roller is generally within the range of 1:1.001 - 1:1.030. How 
ever, a thread brake or a guide may be used, if it can impart 
uniform and predeterminated tension. 

In the apparatus used in the present invention, the urging of 
the pressure roller into contact with the heated feed roller, 
may be effected by known devices such as a spring, com 
pressed air or oil pressure. t 
The peripheral surface of the pressure roller is made of a 

resilient material such as rubber, and the surface hardness of 
said elastic material, as measured by JIS (Japanese Industrial 
Standard) K-6301, is preferably 30 - 95. The surface of the 
heated feed roller may be smooth, or it may be matte. 
Any suitable heating arrangement may be provided for 

heating the feed roller, for instance, an electrical heating 
means, a steam, a hot air, a heated medium or an infra-red 
radiation system may be used. Further, the heating may be ef 
fected from inside the roller, and the sealed surrounding space 
of the roller may be heated. 
The following illustrative examples of the present inventions 

are given. In the several examples, the several measurement 
values were obtained in the following manner. 
a. Method of measuring the second order transition point (Tg). 
Tg is as defined by A. Pace in U. S. Pat. No. 2,556,295. The 

measurement was carried out by the volume dilatometry 
method reported by Bekkedahl (J. Research N.B.S., 42145 
(1949). In the case of non-crystalline undrawn polyethylene 
terephthalate filaments, Tg is 69C. 
b. Method of measuring the intrinsic viscosity (n) of 
polyesters 

1.25 percent of a sample was dissolved in O-chlorophenol at 
100° C. The specific viscosity (asp) of the so obtained solution 
was then measured at 35 C. and (n) was obtained as follows: 

lin mp 

c. Method of measuring the birefringence (An) 
The birefringence (A n) was measured with a polarization 

microscope having a crossed Nicol prism, as disclosed by 
A.N.J. Heyn (Textile Research Journal 22513 (1952)). 
d. Method of measuring dyeing unevenness 

After knitting a sample, the knit test piece was dyed for 90 
minutes at 100° C. in a dye solution (both ratio F 1:100) con 
taining 3 percent of the dyestuff Dispersol Scarlet B, based on 
the test piece. The dyeing unevenness of the dyed knit test 
piece was judged by the naked eye and the results were con 
verted into N.B.S. units. The findings of the visual (necked 
eye) inspection were correlated to the N.B.S. ratings in the 
following manner: 

Visual inspection N.B.S. unit 
findings 
all-le-wa-rear-arree-r 

Trace 0.0-0.5 
Slight 0.-1.5 
Noticeable 5-3.0 
Appreciable 3.0-6.0 
Mitch 6.0-2.0 
Very Much above 2.0 

lell-real-eraser-r" 
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8 
e. Method of measuring the stress unevenness of the drawn 
filaments . 
The stress unevenness was measured with the Elasticity 

Meter Dynagraph II (manufactured by Herbert Stein Com 
pany). A sample filament was caused to travel at a measured 
speed of 24 meters per minute and a draw ratio of 10 percent, 
and the variation of the stress was continuously measured at 
this time. The difference between the maximum and minimum 
stresses of an 8-meter length of the sample filament was 
designated as R, which was continuously measured for 10 
times (i.e. measuring 8 m X 10 = 80 m continuously). The 
average of several Rs thus obtained, 

10'. 

Ri/10 
=l w 

(R) (R s 

was designated the stress unevenness. 
f. Method of measuring the fluffs of the drawn filaments 
The number of fluffs per 1,000,000 meters of the drawn fila 

ments was measured. 
g. Method of measuring the shrinkage in boiling water 
A sample filament was wound under an initial load ex 

pressed in terms of grams of 0.1 X (nominal denier of the fila 
ment) at a rate of 120 turns/min onto a sizing reel having a 
frame circuit of 1.125 m to form a small skein of 20 turns. A 
weight of a load 40 times as great as the initial load was in 
posed on the skein and the length of the skein was measured. 
Then, the load was released from the skein and it was lightly 
twisted, wrapped with a gauze cloth, and then dipped into 
boiling water for 30 minutes. Then, the sample was taken out 
from boiling water and air cooled. Then, the weight of a load 
40 times as great as the initial load was imposed again on the 
sample and the skein length was measured. Then, the value of 
the shrinkage in boiling water was calculated by the following 
formula. The measuring was repeated 10 times and the mean 
value of the values obtained at each test was adopted. 

Shrinkage in boiling water (percent) = (l-l) ?lx 100 in 
which l denotes the length (mm) of the skein before dipping in 
boiling water and l, denotes the length (mm) of the skein after 
shrinkage caused by dipping in boiling water. 

EXAMPLES 1 - 4 AND CONTROLS 1 - 2 

Polyethylene terephthalate chips having an intrinsic viscosi 
ty (n) of 0.65 were melted at 288 C., extruded through a spin 
neret having holes of 0.25 mm diameter, wound at a speed of 
930 meters per minute to yield an undrawn yarn, whose total 
denier was 261. The so obtained undrawn yarn had an intrin 
sic viscosity (m) of 0.63, a second order transition point (Tg) 
of 69°C., a birefringence (An) of 549 x 10, and a tension at 
which the neck occurs of 0.36 gld. 
The so obtained undrawn yarn was drawn using the drawing 

apparatus shown in FIGS. 1 and 2 while varying the surface 
temperature of the heated feed roll under the following condi 
tions. 

Pre-tension 0.10 g/d 
Oraw, ratio 3.67 X 
Drawing speed 500 m/min 
Diameter of the 
heated feed rol 100mm 
Number of wraps of the yarn 
around the heated feed to 7 
Contact time of the yarn 
with the heated feed rol 0.775 sec. 

This was followed by heat treatment of the drawn yarn with 
a slit heater having an effective heating groove length of 300 
mm groove depth of 20 mm and a groove width of 2.0 mm, 
which was heated to 260 C. The properties of the resulting 
drawn and heat treated yarn are shown in Table II. 
When the surface temperature of the heated feed roll was 

too low as in Control 1, the values of the dyeing unevenness 
and stress unevenness becomes very great. This indicates that 
the drawing was not carried out uniformly. It can be seen that 
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TABLE II 

Surface 
temperature Elonga- Dyeing Stress Fluffs per 
of heatroller Tenacity tio newer- unever 1,000,000 

Experiment (o C.) (gld.) (percent) ness mess (g.) 

Control 1 . . . . . . 65 4,78 26, 4 10,0 36.2 1, 2 
Exile 1 O 4, 3 27.3 , 5 9,0 0.4 
still R 5,03 27.5 t), 8,3 0.2 
Exii) 1) 5. () 27. 1. ) 9, 2 0, 
Ex:ii) m - 2) 4.8 2. 2. () l3. 

tril 2, ... . . 125 . 28, . l, () l, 

there was an increase in the appearance of fluffs when the 
temperature was too high as in Control II. 

EXAMPLESS - 6 AND CONTROLS3 - 4 

The drawing and heat treatment of filaments was carried 
out as in Example 1. Sic pirns were obtained by an apparatus 
having a slit heater, as in Example 1, and on the other hand, 
sic pirns are obtained by an apparatus having a 150 C. heated 
plate of steel with a sand-blasted surface of 300 mm effective 
contact length. The filaments obtained by drawing and heat 
treating the filaments at a draw ratio of 3,60 X and drawing 
speeds of 300 and 600 meters per minute were measured for 
their drawing and fiber properties and the results shown in 
Table III were obtained. 

15 

treating apparatus having a slit heater as used in Example 1. 
The temperature of the slitheater and the drawing speed (heat 
treatment time) were varied and the results shown in Table V, 
were obtained. 

In the foregoing table, Examples 8 and 9 are experiments in 
accordance with the method of the present invention, whereas 
Controls 6 - 10 are without the scope of the invention. The 
former provides products having satisfactory quality. On the 
other hand, in any of Controls 6, 8 and 10, the value of the 
shrinkage in boiling water is high, and hence, it is apparent 
that in each of these controls the heat-setting effect is poor. 
Further, in Controls 7 and 9 filament breakages are caused to 
occur and formation of fluffs is extreme, resulting in decrease 

25 in the amount produced of the product. 

TABLE II 

Degree of 
Drawin variation of 

tension (g. shrinkage in 
Drawing (tension before boiling water 

Heat setting Speed, entrance to among pirns Fluffs per 
1xperiment apparatus milmin. drawing roller) VV 1,000,000 m 
Example 5---- Slitheater---- 300 79 0.19 0.2 
Example 6--------- do-------- 600 97 0.21 0.3 
Control 3-.... Heater plate. 300 88 0.26 0. 
Control 4- ---do-------- 600 09 0.34 0,9 

It is apparent from the results given in Table III that the fila 
ments obtained according to this invention are superior is 
drawability as well as uniformity of the product than the fila 
ments obtained by the conventional method, 

EXAMPLE 7 AND CONTROL 5 

An undrawn yarn identical to that used in Example 1 was 
drawn and heat set under the following condition, employing 
the apparatus shown in FIGS. 1 and 2 except that the heat 
setting device was changed. 

Pre-tension 0.10 g/d 
Draw ratio 3.67 X 
Drawing speed 800 m/min. 
Diameter of heated feed roll 00 mm 
Surface temperature 
of heated feed roll 85 C. 

When a comparison is made between instance where a slit 
heater having an effective length of 400 mm for heat setting 
was used with the instance where a heated plate was used, the 
results are as shown in Table IV. The temperature of the fila 

40 
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50 

EXAMPLES 10-11 AND CONTROLS 11 - 12 

An undrawn 326 total denier 24 filaments poly e-capramide 
yarn having an intrinsic viscosity as measured in a m-cresol 
solution at 25°C. of 1.13, a second order transition point (Tg) 
of 37 C. and a birefringence of 15 x 10 was used as the sam 
ple. This yarn was drawn and heat treated at a draw ratio of 
3.72 X and drawing speeds of 300 and 600 metric per minute 
with a drawing and heat treating apparatus having a sand 
blasted cold drawing pin and a sand-blasted heated plate of 
carbon steel of effective contact length of 500 mm, which was 
heated at 175C. (controls). 
On the other hand, a similar yarn was drawn and heat 

treated at a draw ratio of 3.27 X and drawing speeds of 300 
and 600 meters per minute with a drawing and heat treating 
apparatus, such as shown in FIGS. 1 - 2, having a heated feed 
roll whose surface, was heated at 70 C. and a slit heater hav 
ing an effective heating groove length of 500 mm, groove 
depth of 20 mm and a groove width of 1.3 mm, which was 
heated at 290°C. (Examples). 
The so drawn and heat treated yarns were examined in each 

ment passing portion of the slit heater was 240 C., while the 60 instance for their drawability and yarn properties and the 
surface temperature of the heated plate was 160°C. . . . results shown in Table VI were obtained. 

TABLE IV 

Elonga- Dyeing Stress 
(at sitting Tenacity tion univer unven- Fluffs per 

Ixperinett, device (g.f.) (percent) SS ness 1000,000 in. 

Example 7---- Slit, h(ater.--- 5,02 282 0.0 8, 6 0.4 
Control 5-...- Heatod plate- 5.0) 28, 2 0.5 12.4 1.8 

EXAMPLES 8-9 AND CONTROL 6-10 We claim: 

Undrawn yarn of polyethylene terephthalate identical to 75 
that used in Example 1 was drawn with the drawing and heat. 

sess 

1. In drawing and heat treating of undrawn synthetic fila 
ments of condensation polymers between a heated feed roller 
rotating at a constant peripheral speed and a draw roller rotat 
ing at a constant peripheral speed greater than that of said 

f s 
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TABLE W 

Variation of 
later Heat Shrinkage shrinkage in Fffs 

inter- Drawing setting in boiling boiling water per 
ature speed time water among pirns 1,000,000 

xy?trinert, f' () (r.frtin.) (sec.) (percent) VW m. 

control 2 2,300 (, CO78 12.3 0.58 2.0 
Exain: 8 2. ... 3 8.0 0.34 0. 
titl 7" 2 14 , 3 6,3 0,30 1.8 
?tro 8: ... 21) 1. , 92 11. 0.49 1.7 
Example 9.- . 20 60 0.03 9, 1 0.29 O.7 
Control --- 20 40 0.13 ------------ 0.27 1.4 
Control 10.... 90 300 0, 06 13, 2 0.38 1.5 

"Breakage of filaments occurs. 
m my --- ---wl-e-r- ----- --- 

TABLE WI 

Tension 
before en- Wariation of 
trance to shrinkage in 

IDrawing drawing boiling water 
Heat setting Speed rollers among pirns Fluffs per 

Experiment dowice (minin.) (g) vv. 1,000,000m. 

Controll -----. Icated plate---- 300 97 0.22 0.8 
Control 12. ---------- do------ 600 0.30 1. 
Example 10- Slit heater 300 89 0.15 0.4 
Example 11---------- do -- 00 102 0.9 0, 4 

heated feed roller, the surface of said feed roller being heated 
at a temperature (TC) within the range of the second order 
transition point of said filament (Tg C) to a temperature 55 
C. higher than the said second order transition point, the 
method which comprises 

a. providing a pressure roller which rotates by contacting 
said heated feed roller and presses at least the final turn of 
the filaments wound around said heated feed roller, 
thereby fixing the necking point at the point of contact of 
said pressure roller and heated feed roller; and 

b. disposing between said heated feed roller and drawing 
roller a slit heater having a groove width of 0.5-3.0 mil 
limeters, the temperature (y C) of the slit heater and 
treating time (x sec) being so chosen as to satisfy the fol 
lowing conditions: 

y a -1770.8 x + 255 
100 s y is 400 
0.01 is is 0,12 

2. The method of claim 1 wherein the time (t sec) of contact 
of said filaments with said heated feed roller is 

0.120 (T-Tg) -- 28.420 a t 
a -0.003 (T-Tg) -- 0.189 

3. The method of claim 1 wherein said pressure roller has a 
surface of elastic material and is so disposed in contact with 
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the periphery of said heated feed roller that its point of con 
tact with said feed roller is positioned within a range of an 
angle or, said angle a being formed by a radius connecting said 
point of contact with the axial center of the heated feed roller 
and a radius connecting said axial center with the point at 
which the filaments depart from said heated feed roller when a 
pressure roller is not used, said angle or not exceeding 20, 
whereby said pressure roller presses the filaments in such a 
manner that at least the last wrap of said filaments wrapped 
around said heated feed roller is pressed against said heated 
feed roller. 

4. The method of claim 1 wherein said undrawn filaments 
are imparted a pretension prior to their entry to said heated 
feed roller, said pretension being within the range of 10 to 90 
percent of the tension at which the neck occurs as shown by a 
stress-strain curve of said undrawn filament measured at a 
temperature of 20 C. and a relative humidity of 65 percent. 

5. The method of claim 1 wherein said undrawn filaments of 
condensation polymers are undrawn polyester filaments con 
taining above 80 mol percent of ethylene terephthalate units, 
the monofilament denier of said filaments being below 150 de 
e 
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