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ABSTRACT OF THE DISCLOSURE 
Polycapronarnide having an intrinsic viscosity from 

1.25 to 1.48 is spun at a speed of 380 to 750 m./minute 
to obtain a spun polycapronamide having a birefringency 
between 0.015 and 0.049 and is then stretched in two 
stages, the ?rst of which, for a birefringency B has a 
draw-ratio R determined by the equation: 

_%B+0.007 i 
R“ ate" i0.07 

the spun yarn being stretched at a total stretching ratio 
between 4.85 and 4.94. 

The present invention relates to the application of poly 
amidic yarns to be used as tire reinforcements, namely the 
so-called “Cord" yarns from nylon 6, obtainable by po 
lymerization of caprolactam also called “polycapron 
amide.” As is known, cord yarns should have elevated 
tenacity with limited elongations. Owing to the thermo 
plasticity of polyamides the obtaining of said yarns with 
satisfactory properties appears not to be easy and has 
formed the object of numerous profound studies. 

It has been known for a long time that it is possible 
and convenient for the attaining of elevated tenacities 
with low elongations to carry out the stretching of the 
yarns in a number of steps, in particular two steps. How 
ever, in carrying out that process, the stretching ratio 
utilized in the ?rst stretching step acquires particular im 
portance. According to what is described in the earlier 
art, in particular in British Patent No. 811,349, there is a 
relationship between the stretch utilizable in the ?rst 
stretching step and the birefringency of the non-stretched 
extruded ?laments and, in particular, the more elevated 
the birefringency, the lower has to be the ratio of the ?rst 
stretching step. In said patent speci?cation there is stated 
a formula relating these two variables and that is trans 
lated into a diagram giving with certain tolerances the 
stretching ratio of the ?rst step adoptable with a yarn 
having a determined initial birefringency. 
A subsequent British Patent No. 889,144 states that 

the limits put by Patent No. 811,349 are too narrow and 
ought to be widened and in particular they ought to be 
further widened if the yarn has been spun recently at the 
time at which it is subjected to stretching. This latter 
statement is easily understandable since freshly extruded 
yarn is in an unstable condition and has not yet developed 
its proper birefringency corresponding to the character 
istic of the polymer and to the spinning conditions. A 
stable birefringency is attained in a period that may vary 
from some tens of minutes to some hours. 

In said British patent speci?cation No. 889,144 there 
is given a formula relating the stretching ratio of the ?rst 
step with the birefringency of the yarn, whether for the 
case of normal yarn, that is to say, of yarn that was reeled 
after spinning and left at rest for a time suf?cient to at 
tain its stable birefringency, or for the case of freshly ex 
truded yarn. However, though in said speci?cation it is 
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said that the extension of the limits ?xed by the earlier 
British Patent No. 811,349 is applicable also to poly 
capronamide, there is no material example of stretch 
ing of polycapronamide given beyond the limits stated 
by the earlier one of the two patents. 

In any case, following the disclosures of said patents, 
if one operates with a yarn having a birefringency (as 
determined by the method described by Heyn in Textile 
Research Journal 22, 513, 1952) comparatively high, for 
instance of the order of magnitude of 0.020-0.030, the 
ratio of the ?rst stretching step must be kept compara 
tively low, which makes it impossible to obtain elevated 
tenacities in industrial scale. In the cited British speci?ca 
tion No. 889,144 it is stated that by the process de 
scribed therein yarns are obtained that can have a tenacity 
of at least 7 gr./den. and even a tenacity of up to 9.0 
gr./den. 
However it is not said what the conditions are for at 

taining said second more elevated limit of tenacity, in 
particular if one starts from polycapronamide which as is 
known presents greater di?iculties in working for the 
manufacture of cord, as compared with polyhexamethyl 
ene adipamide. 

In the cited speci?cations an example is given of ob 
tainment of a polycapronamide yarn that is said to have a 
tenacity of 9.5 gr./den., but in that case one starts from 
a yarn having a birefringency only of 0.006 in such a 
manner that one can give the ?rst step of the stretching 
an elevated ratio, of 3.2. This makes it necessary, start 
ing from a polymer of the kind dealt with in the example 
in question, that the coiling of the yarn should take place 
at a low speed, which evidently is extremely undesirable 
from the industrial point of view. It should also be noted 
that the obtaining of elevated tenacities is much easier 
to realize on an experimental scale, when the stretching 
is carried out under carefully controlled conditions, and 
it is much more di?icult to obtain on an industrial scale by 
a standardized and uniform process that does not involve 
excessive interruptions and di?iculties and does not re‘ 
quire excessive attention of the operator continuously 
towards each stretching place. 

It is an object of the present invention to provide a 
process for obtaining cord yarns starting from poly‘ 
caprona-mides, and which permits obtaining regularly on 
industrial scale tenacities of more than 9 gr./den. while 
working with high spinning speeds and therefore, under 
very advantageous economical conditions. 

According to the characteristic of the invention, the 
stretching, which is carried out as with the conventional 
technique in two steps, is made in such a way that in the 
?rst stretching step one gets a particularly elevated 
stretching ratio, which is at any rate more elevated than 
suggested by the prior art. 7 

It should be noted that here there is made no particular 
reference to ‘freshly spun yarn, but the invention applies 
to normally treated ?laments, namely to ?laments that 
have ‘remained in the coiled state after extrusion and prior 
to being stretched for a su?icient length of time to attain 
a stable bire‘fringency. ‘More in particular, according to 
the present invention, yarns .are stretched having a bire 
fringency higher than 0.015 and preferably between 0.015 
and 0.035 by spinning a polymer having an intrinsic vis 
cosity not lower than 1.20 and normally of from 1.120 to 
1.50, the stretching speed being graduated in such a way 
as to get the desired birefringency starting from the poly 
mer available, but at any rate keeping the spinning speed 
at least 350 m./1 minute and preferably at between 400 
and 800 m./l minute, and carrying out the stretching in 
two steps in which the ?rst step of stretching is carried 
out ‘at a ratio determined in the following way: for a 
yarn having birefringency 0.015 the ratio of the ?rst 
stretching step is substantially of from 3.5 to 4. 
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The accompanying FIG. 1 is a graph wherein the 
hatched area covers all the pro?table values of stretching 
or draw-ratio for ya-rns of birefringency from 0.015 to 
0.035 and over, such values being readable on the ver 
tical scale of the graph as a function of the birefringency, 
indicated (x 1000) in the horizontal scale. 

Within the preferred ranges of birefringency, i.e. from 
0.015 to 0.035, such pro?table values can be determined 
in accordance with the equation 

_0.07 

wherein B is the birefringency and R the draw-ratio at 
the ?rst step of stretching. The following table indicates 
the maximum and the minimum draw-ratio for a number 
of birefringency values over 0.015, as calculated from the 
above equation (approximate at $0.01): 

Draw-ratio 
Birclringency 

Max. Min. 

0. 020 3. 72 3. 1G 
0. 025 3. 60 2. S8 
0. 030 3. 53 2. (i7 
0. 035 3. 50 2. 50 

From the graph of FIG. 1 and the above table it will 
be evident that the curves which de?ne the hatched area 
of values ?atten rightward, i.e. the pro?table values tend 
to a constant for highest birefringency values. Therefore, 
it will be evident that as polymers having a birefringency 
above 0.035 not exceeding the maximum value of 0.050 
are available for processing, such polymers can be drawn 
at a draw-ratio within the range stated for said latter 
birefringency. 

It will be further evident that the pro?table ranges 
widen as the value of birefringency increases, so that the 
?ndings of the invention may enjoy a greater latitude of 
actual working thereof as relatively high birefringency 
polymers are selected for practising the invention. 

It will be further evident that, as said curves are rela 
tively ?at and the ranges of pro?table values of draw-ratio 
are pretty ample, acceptable draw-ratios can be readily 
found for polymers having a birefringency intermediate 
between 0.015 and 0.035, simply by linearly interpolating 
the values indicated for lower and upper birefringencies. 

According to the invention it is possible to spin yarns 
having viscosity higher than 1.50 and birefringency higher 
than 0.035; and this in particular is possible if one em~ 
ploys for extrusion drawing apparatus a melting member 
to which the solid polyer is fed by gravity and from 
which the molten polymer flows down, again by gravity. 

In that case, the ratio of the ?rst stretching step remains 
between the ?xed limits valid ‘for the birefringency of 
0.035 namely between 2.5 and 3.5. _ 
The invention will be more fully clear from some work 

ing examples described with reference to FIGURES 2 and 
3 which diagrammatically represent two different stretch 
ing devices, but the stretching may be carried out with any 
known stretching device, according to what appears to be 
more convenient in the individual cases. 

Preferably, in embodying the present invention, stretch 
ing devices are employed wherewith the stretching takes 
place in two steps between two groups ‘of rolls driven at 
different peripheral speeds without or with the intermedi 
ary of a stretching pin, which is heated or not. 

Consequently, with both embodiments, as represented 
in FIGURES 2 and 3, the yarn 10 coming from a coiling 
device not represented in the ?gure, is stretched in a ?rst 
step between two systems of rolls 11 and 12 and in a 
second step between. the two systems of rolls 12 and 13 
to be then coiled upon a spindle or cop 14 with ring 15. 
The numeral 16 indicates a thread-guide and the numeral 
17 a cylinder that controls the rotation of the roll 11. 
The numeral 18 indicates another thread-guide interposed 
between the system 13 and the ring 15. 
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4 
Now with reference to FIGURE 2, the roll 19 of the 

group of rolls 12 of the ?rst stretching step, which draws 
and stretches the thread and has, therefore, as compared 
with the roll 11, a higher peripheral speed, has its surface 
heated to a temperature between 150° C. and 200° C. and 
preferably between 170° C. and 185° C., while in the 
case of FIGURE 3 roll 19 is not heated, but between the 
groups of rolls 12 and 13 of this ?gure there is inter 
posed a heating device 20 to be heated to temperatures 
between 150° C. and 200° C. and preferably between 
170° C. and 185° C. 
As already said before, in the path of the thread be 

tween the rolls 11 and 19 on one hand and 19 and 21 on 
the other hand, there can be inserted stretching pins held 
at room temperature, or heated to temperatures of from 
40° C. to 75° C. and preferably to temperatures of about 
60° C. 
The peripheral speeds of the rolls 19 are between 80 

and 400 m./l minute and preferably between 150 and 
300 m./min. ‘for the device according to FIGURE 2, and 
between 90 and 175 m./min. for the device represented 
by FIGURE 3. 

Example 1 
A sample of polycapronamide having intrinsic viscosity 

1.32 (viscosity determined in solution of m-cresol at con 
centration of 0.5 gr./dl. and calculated according to 
Carother by means of the formula 

is 
2.3 log t: 

C 

was spun with count of 3700 denier at 136 ?laments and 
collected at a speed of 400 m./1 min. The yarn obtained 
has a birefringency (stable also after some days) accord 
ing to Hey’s method (Text. Research Journal 22, 513', 
1952) of 0.025. Said yarn was stretched in two steps on 
a stretching machine (of the kind of that of FIGURE 2) 
‘wherein the ?rst stretching step was adjusted to a ratio of 
3.27 and the second stretching step was adjusted in such a 
way as to get a total stretching ratio equal to 4.94 (col 
lecting speed of the yarn spin 350 m./1 minute). The yarn 
obtained had the following average dynamometric charac 
teristics: 

Tenacity __________________________ __gr./den__ 9.6 
Elongation _________________________ __percent__ 16 
Initial modulus _____________________ __gr./den__ 38 

The stretching process took place regularly without any 
inconvenience. 

Example 2 
A sample of polycapronamide having intrinsic viscosity 

1.41 (determined and calculated as described in Example 
1) was spun at 6300 denier at 204 ?laments and collected 
at a speed of 600 m./1 minute. The yarn obtained has a 
?nal 'birefringency (stable) of 0.031. Said yarn was 
stretched in two steps on 'a machine (of the type accord 
'ing to FIGURE 3) wherein the ?rst stretching step was 
adjusted at a ratio of 3.20 and the second step was adjust 
ed in such a way as to obtain lan overall stretching of 
4.85. Speed of collecting the yarn spun: 190 m./1 minute 
(peripheral speed of the roll 19:126 m./1 minute. The 
yarn obtained had the following average dynamometric 
characteristics : 

Tenacity __________________________ __gr./den__ 9.5 
Elongation ________________________ __percent__ 15.5 
Initial modulus ____________________ __gr./den__ 37 

Example 3 
A sample of polycapronamide having intrinsic viscosity 

1.35 (viscosity determined and calculated as described in 
Example 1) was spun with count 3700 denier at 136 ?la 
ments and collected at a speed of 750 m./1 minute. The 
yarn obtained has ‘a blirefringency of 0.037. Said yarn was 
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stretched in two steps on a stretching machine of the type 
according to FIGURE 2 with rod at 60° C. between the 
?rst and second roll, in which the ?rst step of stretching 
was adjusted to a ratio of 3.13 and the second step was 
adjusted in such a way as to get a total stretching ratio 
equal to 4.85 (collecting speed of the stretched yarn 350 
m./min.). The yarn obtained had the following average 
dynlamometric characteristics: 
Tenacity ___________________________ __gr./-den_.. 9.6 
Elongation _________________________ __percent__ 14 
Initial modulus _____________________ __-gr./den__ 36 

The stretching process took place regularly without any 
inconvenience. 

Example 4 

A sample of polycapronamide having intrinsic viscosity 
1.25 (determined and calculated as described in Example 
1) was spun at 6300 denier at 2.04 ?laments and collected 
at a speed of 380 m./1 min. The yarn obtained has a bire 
fringency of 0.018. Said yarn was stretched in two steps 
on a machine of the type according to FIGURE 2 in which 
the ?rst stretching step was adjusted to a ratio of 3.48 
and the second step was adjusted in such a way as to ob 
tain a total stretching of 4.94 (speed of collecting the 
yarn spun=180 m./1 minute). 
The yarn obtained had the following average dynamo 

metric characteristics: 

Tenacity __________________________ __gr./den__ 9.5 
Elongation ________________________ __percent__ 14.5 
Initial modulus ____________________ __gr./den__ 40 

Example 5 

A sample of polycapronamide having intrinsic viscosity 
1.48 (determined and calculated as described in Example 
1) was spun at 3700 denier and at 136» ?laments and was 
collected at a speed of 7100 m./min. The yarn obtained 
shows a ?nal birefringency of 0.049. Said yarn was drawn 
in two steps on a ‘machine of the type shown in FIG. 2, 
in which the ?rst drawing step was adjusted to a ratio 
of 2.99 ‘and the second step was adjusted in such a way as 
to obtain a total drawing ratio of 4.85, at a winding speed 
for the drawn yarn of 180 m./min. 
The yarn obtained had the following average mechani 

cal characteristics: 

Tenacity ___________________________ __gr./den__ 9.5 
Elongation _________________________ __percent__ 15 
Initial modulus _____________________ __gr./den__ 38 

The embodiments of the invention in which an exclusive 
property or privilege is claimed are de?ned \as follows: 

1. A process for producing polycapronamide cord yarns 
having a tenacity of at least 9 gr./den. and elongations not 
greater than 18%, comprising spinning polycapronamide 
having ‘an intrinsic viscosity from 1.25 to 1.48‘ at a spin 
ning speed between 380 and 750 m./minute, obtaining a 
spun polycapronamide having a birefringency between 
0.018 and 0.049, subjecting the spun polycapronamide to 
a ?rst stretching step at ‘a draw-ratio R determined by the 
equation: 

4/5B+0.007 B 

wherein B indicates the birefringency of the spun yarn, 
and successively subjecting said spun and drawn yarn to 
a further stretching step to stretch said spun yarn ?nally 
at a total stretching ratio between 4.85 and 4.94. 

2. The process of claim 1, wherein a polycapronamide 
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6 
having an intrinsic viscosity between 1.25 and 1.32 is spun 
at a speed between 380 and 400 m./minute to produce a 
spun yarn having a birefringency between 0.018 and 0.025, 
and is subjected to a ?rst stretching step at a draw-ratio 
between 3.27 ‘and 3.48. 

3. The process of claim 1, wherein a polycapronamide 
having an intrinsic viscosity between 1.35 and 1.48 is spun 
at a speed between 350 and 800 m./minute and having 
spun yarn having a birefringency between 0.031 and 0.049 
and is subjected to a ?rst stretching step at a draw-ratio 
between 2.99 and 3.2. 

4. The processing of polycapronamide ?lamentary ma 
terial having elongation not greater than 18%, and spun 
at a speed between 350 and 800 m./rninute and having 
a birefringency between 0.015 and 0.049, comprising the 
steps of subjecting said material to a ?rst stretching opera 
tion at a draw-ratio R within the limits de?ned by the 
equation: 

1/3B _0.07 
as a function of its birefringency B, and further stretching 
said material to stretch said material ?nally at a total 
stretching ratio betwen 4.85 and 4.94, to provide poly 
capronarnide cor-d yarns having a tenacity of at least 9.5 
gr./den. 

5. In the process of claim 4, providing ?lamentary ma 
terial by spinning polycapronamide having a viscosity be~ 
tween 1.20 and 1.50. 

6. In the process of claim 1, subjecting spun ?lamentary 
material having a birefringency of about 0.015 to a ?rst 
stretching step at a draw-ratio in the ‘range of 3.5 to 4. 

7. In the process of claim 4, subjecting spun ?lamentary 
material having a birefringency of about 0.035 to a ?rst 
stretching step at a draw-ratio in the range of 2.5 to 3.5. 

8. In the manufacture of high tenacity cor-d yarns of 
polycapronamide polymer, spinning polycapronamide hav 
ing a viscosity and at a spinning speed such to provide 
?lamentary material having a birefringency over 0.015, 
and subjecting said material to two-step stretching wherein 
the ?rst step comprises subjecting a material having bi 
refringency between 0.015 and 0.035 at a mean draw 
ratio between 3.5 and 4, land between 2.5 and 3.5 respec 
tively. 

9. In the manufacture de?ned in claim 8, subjecting 
?lamentary polycapronamide material having a birefrin 
gency B of between 0.015 and 0.035 to 'a ?rst stretching 
step at a mean draw-ratio R calculated as 

R_4/5B+0.007 
_ 1/3B 

within the limits of 

B 
im 
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