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3,493,646 
DRAWING AND HEAT RELAXING NYLON YARN 
Frank L. Larkin, Greenville, S.C., and William T. Hull, 

Jr., Memphis, Tenn., assignors to Monsanto Company, 
St. Louis, Mo., a corporation of Delaware 
Continuation-impart of application Ser. No. 587,597, 

Oct. 18, 1966. This application Dec. 18, 1968, Ser. 
No. 784,731 

Int. Cl. D02h N22 
US. Cl. 264-290 2 Claims 

ABSTRACT OF THE DISCLOSURE 

Drawn nylon-66 yarn is relaxed by sliding contact 
in two or three passes over a surface heated to 140° 
C.—225° C. The duration of contact in each pass is be 
tween 0.005 and 0.1 second, and the yarn is under a ten 
sion of between 0.05 and 0.60 gram per denier (g.p.d.) 
during each pass. The yarn is cooled to a temperature 
less than 130° C. after each contact with the heated 
surface. 

This is a continuation-in-part of our co-pending appli 
cation Ser. No. 587,597, ?led Oct. 18, 1966 (now for 
feited); which application was a continuation-in-part of 
application Ser. No. 318,150, ?led Oct. 21, 1963 (now 
abandoned); which application was a continuation-in-part 
of application Ser. No. 241,997, ?led Dec. 3, 1962 (now 
abandoned). 

This invention relates to treatment of nylon-66 ?la 
ments. More particularly, the invention relates to a proc 
ess for relaxing nylon ?laments so that they have a lesser 
tendency to contract longitudinally. 
As is well known, nylon-66 ?laments after being melt 

spun have relatively low tensile strength and low molecu 
lar orientation, and must be drawn to increase the 
strength. The ?laments are placed under considerable 
stress during the drawing operation. Most of this stress 
is relieved in the form of an immediate partial elastic re 
covery ‘when the tension on the ?laments is ?rst reduced. 
The immediate partial elastic recovery ordinarily occurs 
between the drawing device and the take-up device by 
signi?cantly reducing the tension on the ?laments at this 
point in the drawing operation. Usually, this reduction in 
length may vary from four to eight percent of the length 
of the drawn ?laments, depending upon processing condi 
tions employed. 

In addition to the tendency of the ?laments to contract 
quickly after being drawn, the ?laments have a latent 
overstrain that is slow to be relieved at room tempera 
ture. It may take as long as twenty-four hours at room 
temperature to relieve this strain completely even when 
the ?laments are under little or no tension. It has long 
been recognized that relief of latent strain can be hastened 
by relaxing the nylon ?laments at elevated temperatures 
which cause shrinking of the ?laments by an additional 
amount. This hot relaxing has been accomplished by 
steaming the ?laments or by applying heat to the ?laments 
in other ways immediately after drawing and before pack 
age formation. Unfortunately, complete relaxation of the 
?laments ordinarily is gained at the expense of obtaining 
?laments having an undesirably low initial modulus. In 
recent times, methods and apparatus have been disclosed 
whereby freshly drawn nylon ?laments are hot relaxed 
under controlled conditions without considerable lowering 
of the initial modulus thereof. The known methods and 
apparatus for doing this require extensive alteration of 
existing nylon drawing equipment or do not permit ac 
curate control of the ?laments during hot relaxation there 
of so as to produce ?laments of optimum physical prop 
erties. 

It is an object of the present invention to provide an 
improved processs for producing nylon-66 ?laments hav 
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ing a reduced tendency to contract in length with no 
sacri?ce of initial modulus, and having a satisfactory 
elongation-to-break. 

Another object of the present invention is to provide 
new and useful apparatus for stretching and hot relaxing 
nylon ?laments. 

Other objects will be apparent from the following de 
tailed description. 

Generally, the objects of the invention are achieved by 
drawing nylon-66 yarn at a temperature of 110-190" C., 
and relaxing the yarn by sliding contact in two or three 
passes over a non-rotatable relaxing pin heated to a 
temperature between 140° C. and about 225° C., prefer 
ably between 150" C. and 195° C. The circumference of 
the relaxing pin should be such that the yarn contacts 
the pin between 0.005 second and 0.1 second in each pass, 
and the tension on the yarn during the relaxing step 
should be between 0.05 and 0.60‘ gram per denier (g.p.d.). 
The yarn is cooled to a temperature less than 130° C. 
after each pass over the pin. The yarn is then taken up at 
a tension between 0.05 and 0.60 gram per denier, as pro 
vided by a take-up speed immediately after the yarn is 
drawn. 

Suitable apparatus for performing the invention is illus 
trated in FIGURES 1 and 2 which are schematic perspec 
tive views with principal parts in location, illustrating pre 
ferred yarn lacing arrangements. 

Referring now to FIGURE 1, undrawn nylon-66 yarn 
10 is supplied from a suitable yarn source 11 to a pair 
of driven nip rolls 12 and 13. The yarn next makes one 
or more wraps around a ?xed drawn pin 14, or equivalent 
yarn braking means. Pin 14 can be heated if necessary to 
raise the temperature of yarn to the desired range of 
110° C.-190° 0., although heating of the pin is usually 
not necessary. 
Yarn 10 next passes several wraps around draw roll 

15 and separator roll 16, to afford su?‘icient traction to 
draw the yarn. As illustrated, the axes of rolls 15 and 
16 are slightly skewed to permit separation of adjacent 
wraps. At point 17 the yarn normally has a temperature 
of about 110° to 190° C. and is under a high tension. 
As the yarn progresses along rolls 15- and 16 the yarn 
temperature decreases to about 40—120° C. and the ten 
sion on the yarn is reduced with each succeeding wrap. 
A non-rotatable heated relaxing pin 18 is positioned 

adjacent draw roll 15, and has its axis slightly skewed 
with respect to the axis of draw roll 15, to prevent super 
imposition of adjacent wraps of yarn. Pin 18 may be 
heated electrically by current supplied through conductors 
20 if desired, although pin 18 may be heated in other 
known ways. The yarn after contacting draw roll 15 six 
times is wrapped about relaxing pin 18, then around 
draw roll 15 and back around relaxing pin 18, so that 
the yarn makes two wraps about relaxing pin 18. As illus 
trated, the yarn may pass over separator roll 16 to a 
suitable take-up mechanism 23. 
The yarn is withdrawn by take-up mechanism 23 at 

between 4 and 12% less than the yarn speed at point 
17. With the string-up illustrated in the drawing, this 
will provide yarn tension (as the yarn contacts pin 18) 
of between 0.05 and 0.60 gram per denier. 
The string-up of the apparatus in FIGURE 2 is identical 

to that shown in FIGURE 1 except that the yarn after its 
initial contact with pin 18 is passed around separator roll 
16 before coming into contact with roll 15. This provides 
a longer path for the yarn to travel between its contacts 
with heated pin 18. This arrangement is preferred at faster 
yarn treating speeds in order to provide adequate cooling 
of the yarn between its contact periods with pin 18. 

EXAM'PLE 

In the apparatus of FIGURE 1, a 34-?lament nylon-66 
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yarn, spun from a polymer having a relative viscosity of 
43 and having a spun denier of 176, was removed from 
a spin bobbin and advanced by feed rolls 12 and 13. The 
yarn was wrapped two times around draw pin 14 and then 
was wrapped ?ve times about draw roll 15 and separator 
roll 16, as illustrated in the drawing. The speed of feed 
rolls 12 and 13 was adjusted relative to the speed of draw 
roll 15 to provide a draw ratio of 2.74 while driving roll 
15 at a peripheral speed of 840 yards per minute. The 
yarn as it left engagement with draw pin 14 was under a 
tension of about 170 grams. As the yarn progressed 
around rolls 15 and 16, the tension decreased to about 137 
grams at the ?fth wrap. The yarn was then looped back 
around heating pin 18. The external temperature of pin 
18 was 180° C. and its diameter was two inches. At point 
21 (just before engagement with pin 18), the tension was 
4 grams and at point 22 (after engagement with pin 18) 
the tension was 12 grams. 
The yarn was wrapped around draw roll 15 and looped 

back around relaxing pin 18. Just before re-engagement 
with pin 18 the tension was 4 grams, and after re-engage 
ment with the pin the tension was 11 grams. The speed 
of the take-up mechanism was regulated to provide a 
winding tension of 9 grams at point 24. The resulting yarn 
had an initial modulus of 28.0 grams per denier, with an 
elongation-to-break of 35.4% and a residual boiling water 
shrinkage of 4.8%. 

“Relative viscosity” is determined by the method de 
scribed in US Patent No. 2,385,890. 
For determining the residual yarn shrinkage, a skein of 

yarn is placed in boiling water for 60 minutes and then is 
hung up to dry for twenty-four hours under a load of 0.1 
g.p.d. Percent shrinkage is the initial length of yarn 
minus the length thereof after boiling divided by the initial 
length of the yarn times one hundred. 

Initial modulus is de?ned as a ratio of change in stress 
to strain in the ?rst linear portion of a stress-strain curve. 
The ratio is calculated from the stress, expressed in force 
per unit linear density, and the strain expressed as percent 
elongation. As the strain is expressed in terms of elonga~ 
tion, the modulus equals one hundred times the quotient 
(stress/strain). The modulus is determined at 11/2 percent 
elongation based on the slope of the curve at this percent 
age. The initial modulus is obtained using the Instron 
Tensile Tester (Model TTB, supplied ‘by Instron Engineer 
ing Corporation, Quincy, Mass.), which stretches the yarn 
at a constant rate of elongation. All yarn is conditioned 
for seven days at 75 ° F., 72% relative humidity prior to 
testing. The speci?c settings used on the Instron Tensile 
Tester were: Load Cell B (500 gm. setting); sample length 
of 25 cm.; cross-head speed 15.2 centimeters per minute; 
and chart speed 24.3 centimeters per minute. From the 
stress-strain curve, the stress is measured graphically at 
11/2 percent elongation on the initial linear portion of 
the stress-strain curve; and the modulus is calculated at 
one hundred times this value, divided by the denier of the 
yarn sample. 
The elongation-to-break is that percentage by which the 

drawn and packaged yarn can be elongated before the yarn 
breaks. This property is measured using the same Instron 
settings as above. For ordinary textile yarns, an elonga 
tion of at least 27%, and preferably 30% or more, is 
presently required for commercial acceptance. With nylon 
66 yarn it has been discovered that elongation-to-break 
decreases and shrinkage at ?rst decreases and then in 
creases, with an increase in the number of wraps around 
heated pin 18, as shown in Table 1. In addition, tensile 
strength and denier of nylon-66 yarn decrease linearly 
with an increasing number of wraps. In Table l, the proc 
ess as described in the example was followed, except that 
the number of wraps around pin 18 was varied as indicated, 
and that the take-up speed was adjusted to provide 8 grams 
winding tension. 
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TABLE 1 

Wraps 1 2 3 4 

Modulus, g.p.d _______________________ __ 26. 9 28.0 29. 1 30. 3 
Elongation-to-break, percent __________ ._ 36. 5 35. 4 33. 2 27. 2 
Shrinkage, percent ____________________ _ _ 4. 5 4. 8 5. 1 5. 4 

This decrease in elongation-to~break would be even 
more objectionable with yarns which are drawn to a higher 
degree, such as industrial yarns. Although modulus in 
creases with increasing wraps, use of more than three 
‘wraps about pin 18 produces unacceptably high shrinkage 
and (more importantly) unacceptably low elongation-to 
break and breaking strength. 

In summary, it has been found that with nylon-66 yarn, 
relaxing the yarn at a tension less than 0.05 gram per 
denier yields an unacceptably low initial modulus, while 
relaxing at a tension more than 0.60 gram per denier 
‘produces an unacceptably high shrinkage. Furthermore, a 
single pass of the yarn over relaxing pin 18 is usually not 
feasible since it does not normally provide a su?iciently 
high initial modulus. More than three passes of the yarn 
over pin 18 produces increased shrinkage and reduced 
elongation-to-break. Accordingly, optimum results are 
achieved with either two or three Wraps are taken about 
pin 18. 

It will thus be seen that the objects set forth above, 
among those made apparent from the preceding descrip 
tion, are e?iciently attained and, since certain changes may 
be made in carrying out the above process and in the con 
structions set forth without departing from the scope of 
the invention, it is intended that all matter contained in 
the above description or shown in the accompanying draw 
ings shall be interpreted as illustrative and not in a limit 
111g sense. 

Having described our invention, what we claim as new 
and desire to secure by Letters Patent is: 

1. A process for producing relaxed drawn continuous 
?lament nylon-66 yarn, comprising in combination the 
steps of: 

(a) drawing said yarn several times its original length 
at a temperature of from about 110—190° C., 

(b) cooling said yarn to about 40—130° C., 
(c) relaxing said yarn by: 

( 1) heating said yarn a plurality less than four 
times by sliding con-tact for periods between 
0.005 and 0.1 second in each pass with a surface 
heated to 140° C. and 225° C., and 

(2) cooling said yarn to a temperature less than 
about 130° C. after each contact ‘with said 
surface, 

(d) taking up said yarn in package form at a speed 
between 4% and 12% less than the speed immedi 
ately after said yarn is drawn, 

(e) the yarn tension during steps (c) and (d) being 
between 0.05 and 0.60 gram per denier. 

2. The process de?ned in claim 1, wherein said surface 
is heated to a temperature between 150° C. and 195° C. 
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