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ABSTRACT OF THE DISCLOSURE 
A highly shrinkable polyamide filament having little 

or no stickiness and which does not loop or crimp upon 
heating, which comprises a copolyamide component which 
forms a core along the length of the unitary filament 
and a homopolyamide component of substantially uni 
form thickness which forms a sheath completely sur 
rounding the copolyamide component, and method of 
preparing same. 

-gassert: 80 comera 

The present invention relates to an improved highly 
shrinkable polyamide fibre in which a copolyamide having 
a high thermal shrinkability is arranged in the core por 
tion and a homopolyamide is concentrically arranged in 
the surrounding portion and method of producing said 
fibres. 

It is known that highly shrinkable polyamide fibres 
have heretofore been produced from suitable copoly 
amides. 

However, highly shrinkable fibres formed of these 
conventional copolyamides, still have numerous draw 
backs. For example, when it is desired to obtain fibres 
by using a copolyamide containing a large amount of 
copolymerizable component with the view to increasing 
shrinkability extremely, the crystallizability of said co 
polyamide is considerably decreased, resulting in troubles 
such as sticking and cohesion by fusion between the 
fibres in various processes after spinning, which troubles, 
in turn, cause yarn breakage, unevenness of the size of 
filament and other drawbacks. Generally, if copolyamide 
contains more than about 5% by weight of copolymeriz 
able component, when the fibres are unwound from a 
bobbin or pirn in processes after spinning, tension ir 
regularities occur due to the sticking and cohesion by 
fusion between said fibres, so that it is hardly possible 
to obtain homogeneous fibres free from yarn breakage 
and unevenness of the size of filament. For this reason, 
in order to prevent above mentioned troubles, a copoly 
amide which contains a very small amount of copoly 
merizable component has been used in the production 
of the conventional highly shrinkable polyamide fibres. 
Further, since the conventional highly shrinkable poly 
amide fibres are produced generally by using copoly 
amide, they are considerably poor in heat resistance and 
light resistance as compared with the usual homopoly 
amide fibres, e.g., nylon-6, nylon-66, nylon-610 and nylon 
11. Furthermore, in case that titanium oxide or the like 
is added for the purpose of delustering in the polym 
erization of the copolyamide, the electrolytic property of 
the copolymerizable component causes the coagulation of 
the titanium oxide, with the result that the copolyamide 
thus obtained includes unevenly distributed titanium oxide 
particles which will cause troubles such as yarn break 
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2 
age and unevenness of the size of filament in various 
processes after spinning. 

Accordingly, an object of the present invention is to 
eliminate these drawbacks as found in such conventional 
fibres and provide an extremely homogeneous and highly 
shrinkable polyamide fibre which is free from troubles such 
as unevenness of the size of filament and yarn breakage due 
to the sticking and cohesion by fusion between fibres in 
various processes after spinning in spite of the fact that 
use is made of a copolyamide which contains a large 
amount of copolymerizable component. Another object 
of the invention is to provide a highly shrinkable fibre 
which is excellent in heat resistance and light resistance 
as compared with the conventional highly shrinkable 
polyamide fibres. 
The method according to the invention is characterized 

by the simultaneous melt spinning of copolyamide and 
homopolyamide through the same orifice in such a man 
ner that the copolyamide component forms a core portion 
throughout the entire length of the unitary fibre and 
the homopolyamide having a substantially uniform thick 
ness forms a sheath completely surrounding said co 
polyamide component, the thickness of the homopoly 
amide component being controlled so as to be 1-15% 
of the diameter of the unitary fibre. 
For a better understanding of the invention reference 

is taken to the accompanying drawings, wherein 
FIG. 1 shows a vertical sectional view of a spinneret 

apparatus used in the production of fibres according to 
the invention; and 

FIG. 2 shows an enlarged cross-sectional view of fibres 
obtained according to the invention. 

Referring to FIG. 1, a spinneret 9 has an annular sup 
ply chamber 1 completely separated by an annular par 
tition wall 13, and a cylindrical central supply chamber 
2, these Supply chambers 1 and 2 being provided at 
their bottoms with communication holes 3 and 6, re 
spectively, leading to the lower part. 
A nozzle plate 10 has a raised annular edge 12 and 

an annular groove 5 provided with orifices 8 at its bottom. 
The nozzle plate 10 is firmly pressed and fixed to the 
lower surface of the spinneret 9 at the surface of the 
raised edge 12 by a retainer ring 11. In this connection, 
the axis of introduction holes 4 projecting downwardly 
from the communication holes 3 are arranged so as to 
be perfectly aligned with the axis of the orifices 8. Fur 
ther, a space chamber 7 is defined between the lower 
surface of the spinneret 9 and the nozzle plate 10. 

In such apparatus, a molten copolyamide component 
A is supplied to the annular supply chamber 1 and a 
homopolyamide component B is supplied to the central 
supply chamber 2. The component A is extruded through 
the communication hole 3 into the annular groove 5. 
On the other hand, the component B flows through the 
communication hole 6 and the space chamber 7 into the 
annular groove 5 and surrounds the component A, and 
the component A Surrounded by the component B is 
extruded through the associated spinning hole 8 to form 
such a fibre that the component A is surrounded con 
centrically by the component B. 
A typical example of the fibre thus obtained is shown 

in enlarged cross-sectional view in FIG. 2. 
As shown in FIG. 2, it is of the utmost importance to 

the fibres obtained according to the present invention 
that the component A is completely surrounded by the 
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component B. If the component A should be exposed to 
the outside even though slightly, in such exposed areas 
not only objectionable phenomena such as sticking and 
cohesion by fusion but also irregularities in strength, elon 
gation, light resistance, heat resistance and other proper 
ties would occur, thereby the quality of yarn is consider 
ably decreased. Moreover, the thickness of the sheath, 
that is, component B should be substantially uniform 
over the total periphery portion and the total length of 
the fibre. For other special purposes, an attempt would be 
made to give maldistributed distortions in the filaments 
produced by spinning in such a manner that the introduc 
tion holes 4 of the above mentioned apparatus are posi 
tioned in eccentric relation to the orifices 8 so that the 
core portion and sheath may be arranged eccentrically. 
However, the method of the present invention does not 
aim crimpability as seen from the object, but aims 
production of a highly shrinkable fibre having no loops 
and crimps for particular applications, so that both of 
the components A and B should be concentrically ar 
ranged. If the component B should happen to have irreg 
ularities in thickness, this would give the possibility of 
developing loops and crimps during heat treatment or 
cause irregularities in the quantity of yarn, so it is not 
preferable. 

According to the present invention, not only the ap 
paratus of the type shown in FIG. 1 but also other types 
of spinning apparatuses can be used. It is, however, essen 
tial in every case to spin such a manner that the copoly 
amide component may be arranged in the core portion 
and the homopolyamide component may surround said 
copolyamide. 
The thickness of the homopolyamide component which 

Surrounds said copolyamide is preferably 1-15% of the 
diameter of the fibre. If the thickness of the homopoly 
amide component is less than 1% of the diameter of the 
fibre, such thickness is insufficient for preventing various 
drawbacks of copolyamide component, so that there will 
be troubles such as sticking, unevenness of the size of 
filament, and yarn breakage as has been in the case of 
the conventional fibres, and, moreover, the resulting fibre 
will be extremely poor in heat resistance and light resist 
ance. On the other hand, if it is more than 15% of the 
diameter of the fibre, this is also undesirable, since in 
this case the proportion occupied in the fibre by the co 
polyamide component decreases, so that the desired fibre 
having a high thermal shrinkability cannot be obtained, 
that is, the resulting fibre would have a shrinkability as 
poor as the conventional fibre. If the thickness of the 
homopolyamide falls within the above mentioned range, 
a fibre is more excellent in shrinkability, heat resistance 
and light resistance as compared with the conventional 
shrinkable fibre can easily be obtained. 
The thickness of the homopolyamide component may 

be suitably selected depending upon the kind of the co 
polyamide employed and the uses of the fibres. 

In order to restrict the thickness of the homopolyamide 
within the above mentioned range, the amounts of the 
components A and B supplied to the supply chambers 
1 and 2 are controlled by a gear pump or the like so 
that the bonding ratio may be 24:1 to 49:51 when both 
of the components are conjugate spun. 
The homopolyamides and copolyamides used in the 

present invention include various polyamide groups. For 
examples as the homopolyamides, mention may be made 
of nylon-6, nylon-66, nylon-610, nylon-7, nylon-11, 
nylon-12, polymetaxylene diammonium adiapte, poly 
paraXylene diammonium adipate and etc. 
As the copolyamides, mentioned may be made of co 

polymer nylons obtained by the optional combination of 
two or more of such polyamide-forming substances as 
e-caprolactam, nylon-66 salt, nylon-610 salt, nylon-12 
Salt, metaxylylene diammonium adipate, paraxylylene di 
ammonium adipate, hexamethylene diammonium tereph 
thalate, hexamethylene diammonium isophthalate and etc. 
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4. 
According to the present invention, a copolyamide 

which is a highly shrinkagle component is arranged in 
the core portion and a homopolyamide is arranged so as 
to surround said copolyamide component, whereby draw 
backs such as sticking and cohession by fusion between 
fibres in various processes after spinning can be elimi 
nated and moveover a highly shrinkable polyamide fibre 
which is excellent in light resistance and heat resistance 
can be obtained, so that the obtained fibre can be utilized 
in a very large field compared with the conventional 
fibres. 
The following examples are given in illustration of this 

invention and are not intended as limitations thereof. 
The part in the examples means by weight. 

EXAMPLE 1. 

A copolymer nylon (component A) having a relative 
viscosity of 2.6 measured in 98% sulphuric acid which 
was obtained by the copolymerization of 75 parts of e-cap 
rolactam and 25 parts of hexamethylene diammonium 
isophthalate (said copolymer nylon being hereinafter ab 
breviated to 6/6I), and nylon-6 (component B) having 
a relative viscosity of 2.7 were simultaneously spun 
through the same orifice at a conjugate ratio of 20:1 by 
using the apparatus shown in FIG. 1, and then the result 
ing 70 denier non-stretched fibre was wound on a bob 
bin. A microscopic examination of the cross-section of 
this non-stretched fibre showed that the component B 
concentrically surrounded the component A and the thick 
ness of the component B was about 1.3% of the diameter 
of the fibre. The non-stretched fibre was stretched to 4.2 
times its original length at room temperature to obtain 
an extremely uniform stretch fibre without causing any 
trouble. 
The shrinking percentage in hot water of the stretched 

fibre was excellent such as 41%. (Shrinking percentage in 
hot water here refers to a shrinking percentage measured 
after the material is immersed in boiling water for 10 
minutes under a load of 0.5 g./d.). Further, in order to 
compare with the above mentioned sample, 6/6I (whose 
ratio by weight is 85/15) having a relative viscosity of 
2.6 was spun solely, and the resulting fibre was stretched 
to 4.2 times into original length. However, the stretched 
fibre was partially stuck between the filaments, so that the 
filaments cannot easily be unwound from the bobbin and 
yarn breakage occurred between stretching rollers. Thus, 
a satisfactory stretched yarn could not be obtained. 
A part of the obtained stretched fibre was used to deter 

mine the shrinking percentage in hot water. It was found 
to be 34%. 

EXAMPLE 2 

To a molten mixture consisting of 90 parts of capro 
lactam and 10 parts of a salt of m-xylylene diamine and 
adipic acid was added 0.4 part of adipic acid while stir 
ring, and then the resulting mixture was copolymerized 
at a temperature of 80° C. for 8 hours to obtain a co 
polymer nylon having a relative viscosity of 2.4 (herein 
after abbreviated to 6/MXD-6). 
The copolymer nylon (component A) and the nylon-6 

(component B) used in Example 1 were melt-spun at the 
conjugate ratio of 5:1 by using the apparatus shown in 
FIG. 1 and then the resulting fibre was stretched to 4.2 
times its original length to obtain a 15 denier unitary 
fibre (the fibre being referred to as Fibre 1). 

Further, the 6/MXD-6 as obtained by the copolymer 
izing operation mentioned above and the nylon-6 were 
separately melt-spun and stretched to 4.2 times its original 
length to obtain 15 denier unitary fibres. (The unitary 
fibre obtained from the 6/MXD-6 is referred to as Fibre 
2 and the other obtained from the nylon-6 is referred to 
as Fibre 3.) 
As to Fibres 1, 2 and 3, their shrinking percentage in 

hot water and the number of yarn breakage occurred until 
1 kg. of stretched fibre was obtained were measured, and 
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their strength-preserving percentage after fibres were sub 
jected to radiation from a fade-o-meter for 100 hours 
Were measured. The results of these measurements are 
shown in Table 1. 

TABLE 1. 

Fibre 1. Fibre 2 Fibre 3 

Number of yarn breakage---------------- 2 1. O 
Shrinking percentage in hot water, per 
cent------------------------------------ 28 32 12 

Strength-preserving percentage, when not 
Subjected to radiation, percent---------- 100 100 100 

Strength-preserving percentage, when 
Subjected to radiation, percent--------- 40 90 

As shown in Table 1, Fibre 1 obtained according to the 
invention, though slightly inferior to Fibre 3 with respect 
to the number of yarn breakage and strength-preserving 
percentage, was remarkably superior in shrinking percent 
age in hot water. 

Fibre 2, though superior in shrinking percentage in hot 
water, was attended with frequent occurrenues of yarn 
breakage during the stretching operation and was very 
inferior in strength-preserving percentage to the extent 
that it lacked practicability and commercial producibility. 

In addition, the thickness of the component B of Fibre 
1 was about 4.5% of the diameter of fibre. 

EXAMPLE 3 

A copolymer nylon having a relative velocity of 2.4 
(component A) obtained by the copolymerization of 70 
parts of e-caprolactam and 30 parts of nylon-66 salt, and 
nylon-6 (component B) as used in Example 1 were melt 
spun in a conjugate ratio of 1:1 by using the apparatus 
shown in FIG. 1, and the resulting fibre was stretched to 
4.2 times its original length at room temperature to obtain 
a 15 denier unitary fibre. Y 
The thickness of the component B of this fibre was 

about 14.6% of the diameter of fibre, shrinking percent 
age in hot water being 23%. 

Further, the above mentioned copolymer nylon was 
spun solely and then the resulting fibre was stretched at 
room temperature for trial. However, the fibre could not 
be stretched at all, since the sticking between the non 
stretched spun fibres was very intense. 

It is apparent that many variations may be made in the 
method and apparatus of this invention without departing 
from the spirit and scope thereof. 
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What I claim is: 
1. A highly shrinkable polyamide filament having no 

stickiness between filaments which does not form loop and 
crimp by heating, which comprises a copolyamide core 
component extending the total length of the filament and 
a homopolyamide component having a substantially uni 
form thickness which forms a sheath completely sur 
rounding the copolyamide component, the thickness of 
the sheath being 1 to 15% of the filament diameter, said 
homopolyamide being selected from the group consisting 
of polycapramide, polyhexamethylene adipamide, poly 
heXamethylene sebacamide, polyheptamide, polyundec 
amide, polydodecamide, polymetaxylylene adipamide and 
polyparaxylylene adipamide, and said copolyamide being 
a copolymer of two or more polyamide forming materials 
Selected from the group consisting of e-caprolactam, hexa 
methylene diammonium adipate, hexamethylene diammo 
nium sebacate, co-aminododecanoic acid, metaxylylene di 
ammonium adipate, paraxylylene diammonium adipate, 
hexamethylene diammonium terephthalate and hexameth 
ylene diammonium isophthalate. 

2. A filament as defined in claim 1, wherein the amount 
of each copolymerisable component in the copolyamide 
is at least 5 weight percent. 

3. A filament as defined in claim 1, wherein the thick 
ness of the sheath is 1 to 4.5% of the filament diameter. 
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