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ABSTRACT OF THE DISCLOSURE 
A method of manufacturing an acrylic composite ?ber 

which contains predominantly acrylonitrile, characterized 
by 

(a) spinning an acrylic composite ?ber composed of 
two or more acrylic polymer components tending to 
exhibit different thermal behaviors and arranged ec 
centrically along the entire length of said ?ber, 

(b) stretching said ?ber, 
(c) crimping said ?ber mechanically, and 
(d) ?nally heat-treating said ?ber in a relaxed state 

with its moisture content adjusted to be from 50 to 
120% relative to the dry weight of said ?ber. 

The present invention also provides for ?bers produced 
by the aforementioned method, having coil crimps of from 
12.4 to 17.3 crimps per 25 mm. of ?ber length, and hav 
ing a degree of crimping of between 13.4 to 20.9%. 

This is a streamline continuation application of ap 
plicants’ copending application S.N. 817,249, ?led Apr. 7, 
1969, now abandoned, which in turn is a streamline con 
tinuation application of SN. 566,238, ?led July 19, 1966, 
also now abandoned. 

This invention relates to a method of manufacturing 
a composite ?ber or yarn composed predominantly of 
acrylonitrile and possessing satisfactory crimping charac 
teristics. A composite ?ber in which two or more acrylic 
polymer components tending to exhibit different thermal 
behavior and arranged eccentrically along its entire length, 
would give rise to three-dimensional coil-shaped crimps 
on heating due to the difference in thermal shrinkage be 
tween or among said polymer components. The products 
made from such a composite ?ber have not only a good 
bulk, but also a wool-like type hand. However, there is an 
extremely small shrinkability of the ?ber resulting from 
its coil crimps, which rises from the difference in thermal 
shrinkage between or among its component materials, 
while adequate coil crimps may be developed when the 
?ber is heated in a relaxed state wherein it may freely 
move about, its free movement is usually prohibited when 
a great amount of the ?ber is heat-treated in the form of 
a tow in the course of ?ber-making. This is ‘because of the 
fact that during the heating process the ?ber is subject to 
various restrictive forces such as loads under its own 
weight, intimate contact of the adjacent mono?laments 
with each other, and tension forces, all of which prevent 
coil crimps from being successfully developed. Thus, such 
a composite ?ber cannot possess adequate coil crimps, 
and, therefore, is not practically useful. 
Various studies have been made of possible methods 

that might allow an acrylic composite ?ber to develop 
adequate coil crimps in order to overcome the above-men 
tioned disadvantages. It has been found from these studies 
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that satisfactory coil crimps may be produced in acrylic 
composite ?bers if spinning dopes of two or more dissim 
1lar acrylic polymers, tending to exhibit different thermal 
behaviors are wet-spun into a composite ?ber in which 
said two or more dissimilar polymer components are ec 
centrically arranged along its entire length; whereby the 
resulting ?ber is stretched, oriented, and mechanically 
crimped, and the moisture content of the ?lament bundle 
subsequently properly adjusted; and wherein the ?ber 
is ?nally heat-treated in a relaxed state under no tension. 

Thus, this invention is concerned with a process for 
manufacturing an acrylic composite ?ber from two or 
more dissimilar acrylic polymers tending to exhibit dif 
ferent thermal behaviors, eccentrically arranged through 
out the length of said ?ber, characterized by the steps of 
spinning dopes of such polymers into a composite ?ber 
by the wet-spinning method, stretching and orienting the 
?ber, crimping it mechanically, adjusting the moisture 
content of said ?ber to 50-120 percent and ?nally heat 
treating the ?ber in relaxed state within the temperature 
range of 100° C. to 135° C. Thus, in accordance with the 
present invention, a composite ?ber possessing excellent 
mechanical properties and crimping characteristics may be 
prepared. 

Since, besides mechanical crimps, spiral or coil-like 
crimps are also produced in the ?ber, the ?nal crimps 
are not comparable to the two-dimensional ones pro 
duced by mechanical crimping alone, but are augmented 
by said coil crimps to yield a three-dimensional con?g 
uration which is highly stable. 

If mechanical crimping were omitted before the re— 
laxed heat-treatment, it would be dit?cult to attain ade 
quate coil crimps from heat-treatment, and this is partly 
because of the extremely small shrinking capacity of the 
?ber in the formation of coil crimps derived from the 
aforesaid difference in thermal shrinkage alone between 
the components of the composite ?ber, as and partly 
because since the ?laments in the two which have not been 
mechanically crimped are straight and closely arranged. 
This means that the ?bers are subject to various restric 
tive forces arising from compression among the adjacent 
?laments and other tension and cohesion forces which 
tend to limit the free movement of the ?laments and, ac 
cordingly, prevent the development of adequate coil 
crimps. In contrast thereto, and in accordance with the 
present invention, when mechanical crimping is carried 
out before said heat-treatment in a relaxed state, the in 
dividual ?laments within the tow are bent to relieve the 
intimacy of the ?laments and tension and cohesion forces, 
thereby allowing the ?laments to move freely in such a 
manner that coil crimps may develop easily as the ?ber 
is heat-treated in a relaxed state. It is also necessary for 
the successful attainment of the objects of the invention, 
that the moisture content of the composite ?ber after said 
mechanical crimping be at least 50% relative to the ?ber, 
said level of moisture content greatly facilitating the de 
velopment of satisfactory coil crimps on said relaxed heat 
treatment. The amount of coil-crimping would be inade 
quate if the moisture content of the ?ber were below that 
level. However, if the ?ber contains more than 120% 
water, excessively ?ne crimps would be produced, so that 
the ?ber would not only be prevented from developing a 
su?icient bulk, but also might lose a considerable part of 
its otherwise woolly hand. It is possible to maintain the 
moisture content of the ?ber within the range of 50% to 
120% by immersing the tow in water before mechanical 
crimping and suitably adjusting the nip-roller pressure of 
the crimper or/and the outlet pressure of the stuffing 
box, or introducing water under pressure into the stuf?ng 
box after the ?ber has passed through the nip-rollers, or 
spraying the tow with water after the tow is mechanically 



3,644,609 
crimped, etc. The heat-treatment of the composite ?ber 
in a relaxed state is generally conducted for about 5 to 
20 minutes, preferably within the temperature range of 
100° C. to 135° C. Below 100° C., the formation of coil 
crimps or the effect of relaxed heat-treatment would not 
show itself sufficiently. On the other hand, if the tem 
perature exceeds 135° C., the crimped ?laments would 
be excessively interlocked and/ or discolored. 
The term “acrylic polymers” as used throughout this 

speci?cation and claim refers to all polymers composed 
predominantly of acrylonitrile, inclusive of copolymers 
with vinyl monomers capable of copolymerizing with 
acrylonitrile and mixed polymers with other polymers. 
The above-mentioned vinyl monomers or other com 

pounds include, for example, vinyl acetate, vinyl chlo 
ride, vinylidene chloride, acrylic acid, methacrylic acid, 
and other acrylic acid derivatives, acrylamide, N-methyl 
olacrylamide and its related derivatives, vinyl pyridine 
and its derivatives, and allylsulfonic acid, methallylsul 
fonic acid and their derivatives, as well as all other mono 
mers copolymerizable with acrylonitrile. 

This invention will be further described by way of the 
following examples, in which all percentages are by 
weight. 

EXAMPLE 1 

A copolymer composed of 91% acrylonitrile, 9% methyl 
acrylate, and 0.5% sodium methallylsulfonate as well as 
another copolymer composed of 89% acrylonitrile, 11% 
methyl acrylate, and 0.5 % sodium methallylsulfonate are 
separately dissolved in 49% aqueous solutions of sodium 
rhodanate to prepare two dissimilar spinning dopes. Equal 
amounts of said dopes are extruded in an 8% aqueous 
solution of sodium rhodanate through a bi-component 
spinnerette to which two metering pumps are connected. 
The resulting tow is washed with water, and stretched in 
boiling water to 9 times its initial length. The spinnerette 
nozzle used above has 6532 ori?ces, each measuring 0.09 
millimeter in diameter. The number of spindles is 20. 
Then, the ?ber is dried in a highly humid atmosphere at 
the dry-bulb temperature of 120° C. and the wet-bulb 
temperature of 78° C. and then passed through tepid 
water at 80° C. The ?ber is then mechanically crimped by 
a stu?‘ing-box crimper under a nip-roller pressure of 2.0 
kg./cm.2 and a stu?ing-box pressure of 1.5 'kg./cm.2. The 
moisture content of the ?ber after said crimping is 25%. 
The ?ber bundle is then sprayed with water, and then 
heat-treated in a relaxed state in an oven using saturated 
water vapor at 120° C. for 5-10 minutes. Thereafter, the 
?ber is guided through a 0.8% aqueous solution of 
Teron N-5O oil (manufactured by Matsumoto Oils and 
Fats Co., Ltd.), followed by drying at 90° C. The ?ber 
is ?nally inspected. The results are summarized in Table 1. 
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in Table 2, notwithstanding the fact that the ?bers have 
already been heat-treated at 120° C. during said relaxed 
treatment. This phenomenon is particularly pronounced 
when the ?bers (E), (F) and (G) of Table 1 are treated. 
While the precise mechanism involved remains yet to be 
fully elucidated, it is one of the bene?cial effects attain 
able by the present invention. 

TABLE 2 

B O A D E F G H 

Number 01 crimps (per 
25 mm.) ____________ __ 8.9 7.9 9.1 15.1 16.2 15.0 10.3 25.2 

Degree of crimping 
(percent) ___________ __ 12.0 14.9 13.0 17.2 27.3 30.4 31.5 28.2 

Using the staple of each ?ber obtained under the con 
ditions of Table 1, a spun yarn (2/36) is prepared. 

In the spinning of these ?bers, staples (A) to (G) could 
be spun satisfactorily, while (H) alone is di?icult to spin, 
for there arise many steps in the course of carding and 
uneven stretching in the course of the drawing process. 
The spun yarns are made into hanks, which are then 

dyed with Serron Blue G (Du Pont) in a 0.5% OWF dye 
ing, which is heated from 60° C. to 100° C. at the rate 
of 1° C. per minute and held at 100° C. for 30 minutes, 
at the end of which time the bath is cooled to 60° C. at 
the rate of 1° C. per minute. The dyed yarns are washed 
with water, ?nished, and dried. The characteristics of 
these dyed yarns are summarized in Table 3. 

TABLE 3 

A B O D E F G H 

Bu1kiness(cm.3/g.)___._ 7.8 7.8 8.1 8.6 8.8 8.8 8.9 8.2 
Hand ................. ._ x x x A o o o x 

No'rE.—In the above table 0. A and 1: denote satisfactory, 
fair, and poor hands, respeetixrely. 

The bulkiness ?gures shown in Table 3 are arrived at 
as follows. The yarn is wound up on a cyindrical bobbin, 
a centimeters in radius and l centimeters in length, under 
a constant tension of 0.1 g./tex. to desired thickness at 
such a pitch as will give a yarn weight of 5.5 mg./cm.2, 
and the thickness of the winding (t cm.) and the total 
weight of the yarn (w gm.) are measured. From the re 
sults, the volume of the winding is calculated and the 
result is divided by the weight of the yarn. This reaction 
is expressed as follows. 

bulkiness = glufl? 

It is to be understood that the greater the above value 
is, the bulkier the yarn. 
The spun yarns made of ?bers (A) and (B) which are 

not mechanically crimped before relaxed heat-reatment, 
as well as the spun yarn made of ?ber (C), whose 

TABLE 1 

This invention 
A B C D E F G H 

Mechanical crimping ________________________ __ NOne None D0118 D0118 Done Done Done Done 

Moisture content of ?ber before relaxed heat 
treatment (percent) (relative to ?ber) _____ _. 0.8 113 25 53 65 80 100 130 

Crimping characteristics: 
N umber of crimps (per 25 mm.) ......... __ 6. 8 7. 9 10- 3 12.4 14.5 16.9 17. 3 25. 2 
Degree of crimping (percent) ............. _. 10.4 11-3 10- 2 13.4 17.3 19.3 20.0 21. 3 

It will be apparent from the above table that where no 
mechanical crimping is performed before said relaxed 
heat-treatment, the crimping characteristics of the ?nal 
?ber are inferior, irrespective of the moisture content of 
the said ?ber, and that the characteristics are also un 
satisfactory where the moisture content is below 60 per 
cent, relative to the ?ber. 
A still remarkable fact is that when the above ?bers are 

treated in a relaxed state in boiling water at 100° C. for 
30 minutes, the crimping degree is increased, as shown 5 

moisture content before relaxed heat-treatment is less 
than 50 percent, have far less coil crimps, with the result 
that the yarns have adequate bulk, but an unsatisfactory 
hand. The spun yarn made of ?ber (H) which was heat 
treated in relaxed state at the moisture content of 130% 
has excessive coil crimps and a hard feeling or hand. The 
spun yarn made of ?ber (D) has a good bulk, although 
it has a slightly poor hand. The spun yarns made of ?bers 
(E), (F) and (G) have a good bulk and excellent hand 
as shown in Table 2. 
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What is claimed is: 
1. A method of manufacturing an acrylic composite 

?ber which comprises acrylonitrile copolymers consisting 
of acrylonitrile and vinyl monomers capable of cop01y~ 
merizing with acrylonitrile, characterized by 

(a) wet-spinning an acrylic composite ?ber composed 
of two or more acrylic polymer components tending 
to exhibit different thermal behaviors and arranged 
eccentrically along the entire length of said ?ber, 

(b) stretching said ?ber, 
(c) crimping said ?ber by a stuffer-box crimper, 
(d) adjusting the moisture content of said ?ber to be 
from 50% to 120% relative to the dry weight of said 
?ber, and 

3,644,609 
(e) ?nally heat-treating said ?ber in a relaxed state in 

a saturated water vapor of from 100° C. to 135° C. 
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