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(IOMPOSITE FILAMENT 

James Francis Ryan, In, and Robert Lauren Tichenor, 
Waynesboro, Va, assignors to E. I. du Pont de Nem 
ours and Company, Wilmington, Del., a corporation of 
Delaware 

Filed Apr. 10, 1961, Ser. No. 102,071 
6 Claims. (Cl. 28-82) 

This invention relates to synthetic textile ?bers and par 
ticularly to improved crimped composite ?laments and a 
process of making them. This application is a continu 
iation-in-part of application Serial No. 793,502, ?led 
February 16, 1959 and now US. Patent No. 2,988,420. 

In the course of the development of the synthetic tex 
tile ?ber industry, much effort has been expended towards 
the production of ?bers which retain the well-known ad 
vantages of synthetic ?bers such as ease-of-care, durability, 
and improved mechanical properties, but which, at the 
same time, posses the properties required to obtain fabrics 
of outstanding aesthetic appeal such, for example, as that 
which characterizes wool fabrics. Wool fabrics have 
good bulk and cover, obtainable at a relatively low ?nish 
ing shrinkage which is quite desirable from an economic 
standpoint. In addition, wool fabrics have excellent elas 
tic properties such as stretchability, compressional re 
silience, and liveliness, and display a pleasing surface 
handle. Finally, the surface of wool fabrics is renew 
able; even after such severe deformations ‘as crushing or 
glazing, a new surface can easily be obtained, for exam 
ple, by wetting, steaming, or mere recovery in humid air. 

Although different proposals of the prior art have at 
tained one or more characteristics of wool fabrics, in no 
instance have such synthetic materials been properly con 
sidered as being wool-like in other than super?cial ap 
pearance. 

It has been proposed to improve fabric properties by 
imparting to the synthetic ?bers a spiral crimp. \Fibers 
of this type have been prepared by use of special spin 
ning conditions or after-treatments which bring about 
differential physical propetries over the cross section of 
single-component ?laments, or by spinning together two 
or more materials to form a composite ?lament. ‘By a 
composite ?lamen ” is meant one which contains these 
materials as distinct components in an eccentric relation 
ship over the cross section of the ?lament and throughout 
the length of the ?lament. As examples of such ?laments 
there ‘are sheath-core ?laments, i.e., where one component 
constitutes an eccentrically located core and another the 
sheath, and side-by-side ?laments, i.e., wherein the com 
ponents are ‘arranged side-by-side so that each constitutes 
a portion of the ?lament surface. If the two components 
of a composite ?lament possess substantially dilferent 
shrinkage, a crimp is caused by the differential shrinkage 
of the spun and drawn components. 
More recently, it has been proposed to produce crimped 

composite ?laments of synthetically formed polymers hav 
ing the capacity of changing the amount of crimp upon 
being exposed to the e?Fect of a swelling agent and upon 
reverting to the original crimp upon removal of the 
swelling agent. This characteristic is, for convenience, 
referred to as “reversible” crimp and is observed by the 
“squirming” of the ?laments upon both application and 
removing of the swelling agent. The value of this crimp 
reversibility is evidenced by the ability of the ?laments in 
yarns, when embodied in a fabric, to squirm or twist 
around in the fabric under the in?uence of a swelling 
agent such as water (and also on removal of the swelling 
agent), but, nevertheless, to regain the original crimp 
in the fabric with removal of the swelling agent, as by 
drying. Fabrics containing these ?laments acquire a high 
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degree of fullness or covering power as a result of the 
swelling treatment and retain or even increase this full 
ness after being subjected to such treatments repeatedly. 
Since the ?nishing shrinkage is low, the yarns of fabrics 
containing such ?laments have a. relatively open struc 
ture so that the fabrics exhibit unusual elastic properties. 

‘However, it has been found that the high degree of 
crimp reversibility in the ?bers necessary to produce yarns 
and fabrics with good bulk, good compressional resilience, 
good response to ?nishing treatments, and good recovery 
from glazing was generally ‘accompanied by a high level 
of crimp frequency. This high level of crimp frequency 
leads to a harsh raspy handle in knitawear and woven 
wear fabrics and to staple processing di?’iculties resulting 
in poor yarn uniformity and high yarn shrinkage. 

It has also been found that the substituents in the 
polymers which are most desirable for imparting to the 
?ber the ability to squirm under the in?uence of swelling 
agents are generally those which also enhance the rate 
of sorption of cationic dyes by the ?ber. Thus the most 
desirable embodiments may have an unattractive, “frosty” 
appearance as dyed fabrics. This apparently is due to the 
large di?erence in amount of dye absorbed by the 'two 
components in the individual ?bers. 

It is an object of this invention to produce a crimped, 
composite ?lament having a level of crimp reversibility 
su?iciently high to afford good recovery from compac 
tion, and the development of good bulk and covering 
power in fabrics while having a crimp level that affords 
a pleasing wool-like handle in fabrics. 
Another object of this invention is to provide a process 

which will reduce the crimp level in a composite ?lament 
while retaining a given degree of crimp reversibility. 
A further object of this invention is a product of_level 

dyeing characteristics without resort to uncommon‘ and 
expensive dye house procedures. 
A still further object of this invention is a product hav 

ing the above-listed advantages as produced in an eco 
nomically attractive process. 

In accordance with the present invention a composite 
?lament is prepared having 10 to 18 helical 'crimps per 
inch of extended length and having an equilibrium crimp 
reversibility of 25 to 50%. 
The process of the invention requires the simultaneous 

spinning of two ?ber-forming compositions into a com 
posite ?lament, and its extrusion into a spinning cell under 
conditions which afford a rapid setting-up of the ?ber 
structure. The composite ?lament due to the eccentric 
relationship of its components and their composition will 
be capable of crimping from the straight state upon shrink 
age and will have crimp reversibility. 

In a preferred embodiment of the invention, the poly 
meric components are positioned so that the edge of the 
composite ?lament comprising the lower shrinking com 
ponent faces the center of the spinning cell and the edge of 
the ?lament comprising the higher shrinking component 
faces the periphery of the spinning cell. 

In a further embodiment of the process, a less concen 
trated spinning solution is used for the polymer that yields 
the lower shrinking homo?lament than is used for the 
other polymeric component. 
By the expression “conditions which afford a rapid set 

ting-up of the ?ber structure” is meant high gas and cell 
temperatures, high gas flow rates and slow spinning speeds. 
These conditions result in a low residual solvent content in 
the yarn when dry-spinning. In the process of the inven 
tion there is obtained a residual solvent content in the 
range of 13 to 27% for 8 denier per ?lament (d.p.f.) 
(0.85 Tex.) as-spun ?bers. The residual solvent content 
obtained for other deniers can be readily estimated from 
FIGURE 8 in which curve 1 shows the mam‘rnum permis 
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sible residual solvent content as a function of ?lament de 
nier and curve 2 displaced from curve 1 in FIGURE 8 il 
lustrates the preferred residual solvent content for the 
various ?lament deniers. 

'Ihe crimp reversibility of the ?laments .of this inven 
tion is, determined by the following test. 
A single ?lament is separated from the single end or tow 

of drawn, unrelaxed ?bers. A three-inch length of the 
?lament is attached to opposite sides of a rectangular cop 
per wire frame with 30% slack between the ends. The 
rack and ?lament is then ‘boiled oil for 15 minutes to de 
velop the crimp. The crimped ?lament is then transferred 
to :a special viewing holder by taping or gluing the ends 
so that about 10% slack is present and the ?lament length 
between the clamped ends is approximately 2.5 inches. 
The ?lament and viewing holder are then mounted verti~ 
cally in a stoppered test tube containing desiccant. The 
tube is stored vertically overnight (l8—24 hours) at 70° C. 
Following this conditioning period to dry the ?lament the 
tube is then brought to room temperature (‘approximately 
25° C.). After allowing 30 minutes for cooling, the total 
number of crimps in the ?lament between the ?xed ends 
are counted. In counting, any crimp reversal points pres 
ent are ignored. The desiccant is then removed from the 
glass tube, the tube ?lled with water and stored vertically 
at 70° C. for 6 hours. The number of crimps in the wet 
?ber are counted as above. The cycles are repeated as re 
quired toobtain reproducible results. The equilibrium 
crimp reversibility (ECR) or relative change in crimps/ 
inch of extended length vfrom 25° C. dry to 7 0° C. wet is 
obtained by the following equation. 

N0. of crimps (25° dry)-— 
No. of crimps (70° wet)><100 

No. of crimps (25° dry) 
Alternatively the actual change in crimps/ inch of ex 

tended length from 25° C. dry to 70° C. wet expressed as 
Ac.p.i. may be used and is calculated as follows: 

. (ECR) ( crimps dry per of extended length) 
Ac.p.1.= 100 

By “extended length” is meant the length of a ?lament or 
yarn as measured under suf?cient tension to pull out the 
crimp and give an essentially straight ?lament or yarn. 
All crimp counts are stated in terms of extended length. 

, Another property of the ?laments of this invention that 
is of great importance is their ability to recover from com 
paction. ‘The following test is used to measure this prop 
erty. - V ' 

Crimped ?bers were cut in Z-inch lengths, hand carded 
and made into pellets weighing 0.20 gram. The pellets 
were placed into a cylinder (0.5 inch diameter hole) under 
a freely sliding piston that exerted 1,000 p.s.i. for two min 
utes. The height of the- pellet under compression was 
measured. Compressed pellets of the same ?ber were re 

ECR 

moved from the cylinder and: (1) allowed to recover in 
dry air overnight and then (2) exposed to steam at at 
mospheric pressure for 5 minutes. The heights of the re 
covered pellets were measured after treatments 1 and 2 
and the recovery from compaction calculated: 

(Height of recovered pellet 
compressed height of pellet) X 100 

Compressed height of pellet 
For purposes of illustration, the invention will be de 

scribed in terms of dry spinning of polymers from acrylo 
nitrile in dimethylformamide (DMF) in a particular type 
of dry spinning cell. It will be obvious to those skilled 

Recovery = 

~ in the art that the apparatus and process can be widely 
it modi?ed in view ‘of the teaching of this invention. 

A closed spinning cell is used comprising a cylindrical 
cell surmounted by a spinning head, means for circulating 

I an evaporative medium through the cell which enters 
through the spinning head around the threadline, means 

' for extruding the solution through the spinneret in the 
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4 
head, and means for withdrawing the yarn through the 
bottom of the cell. The spinning head used is similar to 
that shown in US. 2,615,198 issued to G. N. Flannagan. 
The term “head temperature” when hereafter used means 
the temperature of the gas as it issues from the gas heater 
‘and before it enters the spinning cell. By the expression 
“cell temperature” is meant the inside temperature of the 
wall of the spinning cell. 

Referring to the'drawings: 
FIGURE 1 is a central cross-sectional elevation of a 

spinneret assembly which can be used to make the com 
posite ?laments of this invention. 
FIGURE 2 is a transverse cross-sectional plan view of 

the ‘apparatus of FIGURE 1 taken at 2-2 thereof and 
showing details of the top of the back plate; 
FIGURE 3 is a transverse cross-sectional plan view 

taken at 3—-—3 of FIGURE 1 showing details of the bottom 
of the back plate; ' 
FIGURE 1A is an enlarged portion taken from FIG 

URE 1 to show details of the spinneret at the spinning 
ori?ce; and I 
FIGURE 4 is a central cross-section elevation of 

spinneret assembly which can be used to extrude 3 con 
centric circles of composite ?laments. 
FIGURES 5, 6, and 7 show greatly magni?ed cross 

sections, i.e., sections perpendicular to the ?lament axis, 
of typical ?laments of this invention produced by dry 
spinning. In these drawings one component is shaded 
to show the separation between components. 

With reference to FIGURE 1, the bottom spinneret 
plate 2 which contains a circle of ori?ces 3' is held in 
place against back plate 1 by retaining rings 12 and 14 
and by bolt 13. A ?ne-mesh screen 4 e.g., 200 mesh per 
inch, is pressed into position between, and serves as a 
spacer between, spinneret plate 2 and back plate 1. 
Back plate 1 contains two annular chambers 8 and 9 
which are connected to suitable piping and ?ltration ap 
par-atus (not shown) to receive different spinning com 
positions. Lead holes 11 go from annular chamber 9 
to annular space 7. Lead holes 10 lead from annular 
chamber 8 to annular space 6. Annular spaces 6 and 7 
are separated by wall 5 which is dis-posed above ori?ces 
3 and spaced from spinneret plate 2 by screen 4 to per 
mit free and contiguous passage of the spinning ?uids 
from annular spaces 6 and 7 through ori?ces 3, the 
mesh of screen 4 being ?ne enough to permit spinning 
?uid passage through ori?ces 3, as shown in detail in 
FIGURE 1A. 

in FIGURE 2 are shown four lead holes 10 and four 
lead holes 11 equally spaced within the concentric cham 
bers 8 and 9, respectively. 

In FIGURE 3 are shown the concentric inner and 
outer annular spaces 6 and 7 and the ?ne-mesh screen 4 
partially in section. 

Operation of the described apparatus in the practice 
of this invention is readily understood. Separate spin 
ning materials are supplied to the inner annular chamber 
9 and outer annular chamber v8, respectively, of the back 
plate; the former flows from chamber 9 through the lead ‘ 
holes 11 into the inner annular space 7 and thence through 
screen 4 and ori?ce 3 to form a part of a composite ?la— 
ment, while the latter passes through the lead hole 10 
to the outer annular space 6 and thence through screen 
4 and the outer side of the ori?ce 3 to form the other part 
of the composite ?lament. ' 
The expression ‘intrinsic viscosity” with the symbol 

(n) as used herein signi?es the value of ln(n)r at the 
ordinate 'EDL'S intercept (i.e., when 0 equals 0) in a graph 
of 

C 

as ordinate with 0 values (grams per 100 ml. of solution) 
as abscissas. (n) , is a symbol for relative viscosity, which 
is the ratio of the ?ow times in a viscosimeter of a poly~ 
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rner solution and the solvent. in is the logarithm to the 
base e. All measurements on polymers containing ac 
rylonitrile combined in the polymer molecule were made 
with DMF solutions at 25° C. 

EXAMPLE I 

A 20% solution in DMF of polyacrylonitrile of (n) 
1.95 and containing 27 milliequivalents of acid groups 
per kilogram of polymer (as determined by titration in 
a DMF solution) (hereinafter designated polymer A) 
was fed to annular chamber 9 (47 grams/minute) as 
shown in FIGURE 1 and thence to annular space 7 and 
out into the spinning cell (9 inches in diameter by 14 
feet long) as part of a composite ?lament so that it faced 
the center of the spinning cell. Simultaneously, a 27% 
solution in DMF of a copolymer of acrylonitrile and 
styrenesulfonic acid 96/4% by weight composition of 
(n) 1.54 and analyzing 240 milliequivalents of acid per 
kilogram of polymer (hereafter designated polymer B) 
was fed to annular space 8 (47 grams/minute) and then 
through annular space 6 to be extruded as the other com 
ponent of a composite ?lament so that it faced the wall 
of the spinning cell. The spinneret contained 140 ori?ces 
of 0.0069 inch in diameter located on a 5.27 inch diam 
eter circle. A mixture of carbon dioxide and nitrogen 
gases was circulated through the cell at a rate of 57 lbs. 
per hour. Temperatures of 105, 315, and 180° C. were 
used for the spinning solutions, head and cell respectively. 
The threadline consisting of 140 composite ?laments 
was wound up at 200 y.p.m. and contained 19% of DMF 
and 1.0% water based on its dry weight. 

Three hundred ?fty ends of yarn produced as above 
with a combined denier of 382,000 were combined into 
a tow and drawn to 4 times their original length (i.e., 
4X draw ratio) in baths of water at 95° C. which ex 
tracted the residual DMF. The drawn and unrelaxed 
wet tow was mechanically crimped in a stu?er box simi 
lar to that shown in Hitt US. 2,747,233 to an extent of 
6-7 herringbone crimps per extended inch using a stuffer 
box temperature of 50° C. The crimped tow was then 
cut into 31/8" length staple. The cut staple, loosely ar 
ranged in a tray, was dried for 15 minutes in a circu 
lating air oven at 270—275° F. The dried staple had a 
weak mechanical crimp of 6 to 7 crimps per inch plus 
6-8 helical crimps per inch. 
The above prepared staple develops l6 helical crimps 

per inch of extended length when boiled free of restraint 
in water. The helically crimped ?bers thus prepared 
have an ECR of 40% and a A c.p.i. of 6.4 crimps per 

Substantially all of the mechanical crimp is re 
moved. The staple has a tenacity of 2.2 grams per denier 
(g.p.d.) and an elongation at the break of 40% and a 
denier per ?lament of 3.0 (0.34 Tex.) after boiling and 
drying. 

EXAMPLE II 

The procedure of Example I was followed with ‘the 
replacement of the acrylonitrile homopolymer (polymer 
A) with a 94/6 mixture of the acrylonitrile homopolymer 
and a copolymer of acrylonitrile and styrenesulfonic acid 
(96/4%) (polymer B) to give a total acidity in the 
blended polymer of 45 mini-equivalents of acid groups 
per kilogram of polymer. The differential ionic content 
between the blended polymer and the copolymer was 195 
meg/kg. The ?nal staple ?ber had a denier per ?la 
ment of 2.9, a tenacity of 2.1 g.p.d. and an elongation 
of 31% and had 15 helical crimps per inch of extended 
length after boiling 013?. The ECR was 34%. 
The physical properties of the ?ber of this example 

and that of Example I were considered to be essentially 
equivalent. The ?bers were subjectively evaluated in 
knit tubing and the aesthetics of the ?bers were judged to 
be equivalent and very satisfactory. 

Carded two-gram samples of scoured staple were pot 
boiled for various lengths of time up to 4 hours in the 
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following black dye bath (all percent-ages based on weight 
of ?ber): 
3.06% CI. Basic Yellow 11 
5.04% CI. Basic Red 13 
4.32% Basic Orange of Example VIII (n) US. 2,821,526 
1.68% CI. Basic Green 4 
5.0% a long chain alkyl trimethyl ammonium bromide 
12.5% sodium sulfate 
0.5% sodium acetate/ acetic acid buffer (PI-1:5) 

Dye bath-to-?ber ratio was 100/11 and ?ber was added 
after the bath had been brought to the boil. 

After dyeing, the ?bers were scoured in a 2% solution 
of a non-ionic surfactant (the condensation product of 
polypropylene glycol and ethylene oxide) at the boil for 
15 minutes, rinsed, centrifuged, dried, and carded for 
visual comparisons of dye quality. 
The brightness and depth of shade improved steadily 

with time. Cross sections of these ?bers of Example I 
showed: that in the ?rst two hours of dyeing, the acid 
modi?ed component accepts dye very rapidly and the un 
modi?ed side (homopolymer) does not accept dye across 
its skin barrier in this time interval. The dye that is 
present in the unmodi?ed side enters it across the poly 
mer-polyrner interface in the ‘composite ?lament. After 
four hours it was noted that the dye had penetrated fur 
ther into the unmodi?ed side from the polymer-polymer 
interface and that there was ‘de?nite evidence of skin 
dyeing. The fact that the unmodi?ed side obtained any 
dye whatsoever in this process was quite surprising since 
its vgreat reluctance to dye is well known. The ‘four-hour 
dyeing time gave deep, relatively bright black shades. 
The ?bers of this example show greater dye peneration 

across the polymer-polymer interface ‘and a ‘greater ten— 
dency to ring dye. At equal lengths of dyeing time, the 
?ber of this example gives a brighter black than did the 
?ber of Example I. 
The dyein'gs were repeated using dyes equivalent to 

7.3, 11.0, and 14.6% dye based on the ?ber weight. In 
the case of Example I ?bers the highest level of dye was 
needed in order to get bright dark acceptable blacks with 
this ‘dye procedure. Surprisingly enough, the ?bers of 
this example gave bright black shades at levels of 7.3, 
and 11% dye that were equivalent to the 14.6% dye level 
on the other ?ber. Single component ?laments made of 
the polymer blend (45 meg/kg. total acidity) are only 
dyed to light shades by the above procedures. 

EXAMPLE III 

The process of Example I was repeated using place 
of polymer A of that example, a mixture of polymers 
comprising 85% by weight of polymer A and 15% of 
polymer B and found to yield results equivalent to those 
outlined in Example I. 

Fiber ‘from Examples I and III was separately treated 
with a fugitive antistatic ?nish and spun on the cotton 
system in a manner known to the art to yield 13/2 cot 
ton count yarns. These two lots of yarn, were knitted 
on a circular knitting machine to yield fabrics which 
after scouring and ?nishing approximated “bulky-knit” 
sweater bodies. At this stage there was nothing to dis 
tinguish one item relative to the other. 
However, when the sweater bodies are then dyed with 

the ?rst formula outlined in Example II and ?nished, 
using methods available in‘ the art, the fabric made from 
?ber of Example I is unacceptable due to “frosty” dyeing, 
a characteristic resulting from substantial absence of dye 
on the ?ber component derived from polymer A, while 
the polymer B component is deeply dyed. The fabric 
prepared from ?ber of Example II, however, is uniformly 
jet black and acceptable despite a very substantial diifer 
ence in the amount of dye picked up by the two ?ber 
components. This unexpected result provides a valuable 
route to level dyeing of composite ?bers. It will also be 
apparent that addition of the required amount of polymer 
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B to the polymer A solution can be accomplished either 
by ‘adding polymer B as such or by adding a propor 
tionally larger amount of the composite spun ?ber, which 
contains both polymer A and polymer B, or by adding 
both ?ber and polymer. Thus, both a solution to the 
problem of “frosty” dyeing and a means ‘for reuse of 
spun waste from the manufacturing process are provided 
by this unique process modi?cation. 

EXAMPLE IV 

The properties of the product of this invention as made 
in Example I are ycompared with the properties of other 
composite ?bers in Table I below. It will be noted that 
the ?ber of Example I meets the requirements of the pres 
ent invention since it has a'high crimp reversibility (ECR 
of 30% or larger) coupled with a low crimp intensity 
(10 to 18 orimps per inch of extended length). Data 
listed in Table I for other ?bers not made by this process 
show that a reduction in crimp is accompanied by a re 
duction in crimp reversibility. 
A further signi?cant improvement of this property is 

the recovery from compaction after steaming which is 
most clearly shown by comparing the data in Table I for 

8 
at 60 Tex yarn count) as calculated vfrom weight and 
thickness as measured by a plunger type of thickness 
gauge exerting 5.8 1g./cm.2 pressure on the ‘fabric are 
given below with observations on the handle of the fabrics. 

Bulk Handle 

13 Fine wool-like, resilient. 
10 Harsh. 
13 Very harsh. 
11 Soft, moderate left. 
9 Soft, thin. 

The advantages of the product of this invention (item 
1) are apparent. ' ' 

EXAMPLE V 

This example illustrates the preferred location of the 
two components in the spinning cell. 

(A) Using the apparatus and polymers of Example I, 
a 21% solution of polymer A in DMF and a 27% solu 
tion in DMF of polymer B were simultaneously extruded 
(at ?ow rates of 98 and 98 grams per minute respec 
tively) so the polymers faced the center and the wall of 

item 1 with items 2, 4, and 5. the cell respectively in the composite ?laments. Tem 

Table 1 

Draw Denier Crimpsl Crimp Recovery 
Item Component 1 Component 2 Ratio per inch ECR steamed 

percent 

(n) (1%) A ion 
1 (Example I) ____ __ AN _____________________ __ 2. 0 AN/SSA, 96/4 _____________ _. 1. 5 210 4. 0 3 16 40 375 
2 _________________ __ AN/MA/SSA, 93. 6/6/.4____ 1. 5 AN/SSA __________________ _- 1 5 150 4-0 3 2O 22 215 
3- AN_. __ 2.0 AN/SSA, 95/5 _____________ __ 2 0 318 82s 6 30 19 360 
4 _________________ __ AN/SSA, 98. 5/1. 5 _______ __ 2. 0 AN/SSA, 97. 2/2- 8 _________ __ 2 0 70 8 3 10 18 145 
5 _________________ __ AN/MA/SSA, 97/2. 3/0. 7___ AN/D/IA/SSA, 96. 0/2. 3/1. 7___ 1 5 60 4. 5 3 10 19 140 

1 Per inch of extended length. 

Crimp development force measured by Instron stress— 
ing of single ?laments at 0.015 g.p.d., then wetting out at 
90° C. and measuring percent of this stress redeveloped 
on drying shows the ‘following results: 

Item: Crimp development 
force, percent 

__ 20 

____ 5 

________ __ ‘20 

The product of Example I was dyed with a basic dye 
by immersion in a dye bath at 50° C., heating to the 
boiling point in a period of 15 minutes and then hold 
ing at the boiling point for 30 minutes. The dye bath 
comprised an aqueous solution containing the following: 

Percent 
Astrazone red 6B “Snythetic Dyes” vol. II, pg. 1174 
by K. Venkataraman (Academic Press, Inc. NY. 

' 1952) _____ 1 

Acetic acid __________________________________ __ 1 

Sodium lauryl sulfate __________________________ __ 2 

I , The ratio of bath to ?ber was maintained at 50:1. Th 
?ber dyed to a bright uniform red shade. ' 
When ?ber prepared by spinning the poly-acrylonitrile 

solution (homopolymer) of Example I into single com— 
ponent ?laments was dyed in a similar bath, the ?ber dyed 
to a weak, non-uniform pale pink shade. 7 

It was surprising that the composite ?ber afforded deep, 
relatively bright dye shades. 

Similar results were obtained with other basic (cationic) 
dyes. . 

. Staple ?bers corresponding to items 1+5 in Table I 
were, spun into similar yarns (60 Tex, 8.5Z, Woolen sys 
tem) and fabrics knitted. The bulk (cm?/gram) of the 
fabrics with a similar construction (coursesxwales:200 
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peratures of 110, 330, and 180 were used ‘for the solu 
tion, head, and cell temperature respectively. The gas 
was conducted through the cell at a rate of 80 lbs. per 
hour. The yarn (8.8 d.p.'f. 1.0 Tex, as-spun) was wound 
up at 375 y.p.m. and 350 combined tows then drawn 4.5X 
as in Example I. 

> (B) A second spin was conducted that was identical 
in all respects to the ?rst with the notable exception that 
the position of the two polymeric solutions was reversed 
so that polymer A was extruded so as to face the outside 
of the spinning cell. a 
The two products obtained from part V A and part V 

B had 24.9 and 32.0 crimps per inch after boiling in wa 
ter, and ECR’s of 24% and 21% respectively. The as 
spun yarn of V A and V B contained 30.5 and 29.5% of 
DMF respectively. 
When single component ?laments are spun and drawn 

under the same conditions, polymer B has the greater 
Shrinkage (e.g., 2.4% vs. 2.2% for polymer A). 
The above spins were repeated with all conditions be 

ing the same with the exception that the spinning speed 
was reduced to 200 y.p.m. and feeds of solutions were re 
duced (53 and 53 grams per minute ‘for solutions oi 
polymer A and polymer B respectively) to give the same 
denier. The staple produced ‘from the spin (V C) in 
which polymer A was located on the inside of the thread 
line had 13.7 crimps per inch upon boil-elf while the 
staple produced '?rom the other spin (V D) with the 
position of that polymer reversed had 16.2 orimps per 
inch upon boil-off. The as-spun yarn of V C and VD 
contained 20.3 and 22.0% DMF respectively. 
The above spins also demonstrate the fact that a lower 

crimp level is obtained at lower spinning speeds. 

. EXAMPLE VI 

This example illustrates the importance of spinning 
speed on the process of this invention. 

Using the equipment and method of Example I a 21% 
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solution in DMF of polymer A and a 28% solution in 
DMF of polymer B were simultaneously extruded (at 
53 and 53 grams/minute respectively) as the outer and 
inner component respectively of composite ?laments. 
Temperatures of 110, 330, and 180° C. for the solution, 
head and cell respectively were used. The gas was con 
ducted through the cell at a rate of 80 lbs. per hour and 
the yarn wound up at 200 y.p.m. After drawing the yarn 
4.5X, cutting and drying as in Example I the 3 d.p.f. 
staple developed 17.6 crimps per inch upon boil-0E. 
When the above spin was repeated with all conditions 

being the same with the exception that the spinning speed 
was raised to 375 y.p.m. and solution feed rate corre 
spondingly increased staple (3 d.p.if.) having a boiled 
o? crimp level of 26.9 crimps per inch was obtained. 
The speeds of 200 and 375 y.p.m. gave as-spun yarns 
containing 22.4 and 41.4% DMF respectively, and hav 
ing as-spun deniers per ?lament of 8.8 and 8.8 respec 
tively. Obviously higher speeds can be used if the ?la 
ments are exposed to higher temperatures. 

EXAMPLE VII 

This example illustrates the critical e?ect of the con 
centration of the polymer (yielding the lower shrinking 
homo?lament) in the spinning solution. 
The apparatus used is similar to that of Example I 

with the exception that the spinning cell was 7 inches in 
diameter by 14 feet long and the spinneret had 0.0059" 
diameter ori?ces located in 3 concentric circles contain 
ing 84, 84, and 84, ori?ces in the outer, middle and inner 
circles respectively. 
A 21.5 % solution in DMF of polymer A was fed to 

mnular space v15 (157 grams/minute) (FIGURE 4) so 
that the polymer solution was extruded as the component 
facing the cell center in the outermost and the innermost 
circle of ?laments while a 28.5% solution in DMF of 
polymer B was fed to annular space 16 (157 grams/min 
ute) so that this polymer formed the component of a 
composite ?ber facing the wall of the spinning cell on 
the outer and inner circles of ?laments while facing the 
center of the cell on the middle circle of ?laments. The 
gas was conducted through the cell at a rate of 81.6 lbs. 
per hour and temperatures of 110, 345, and 195° C. 
were used on the solution, head, and cell respectively. 
The yarn (7.8 d.p.f.) was wound up at 350 y.p.m., drawn 
4X, cut and dried as in Example I to give 3 d.p.f. staple. 

In a second run, all conditions were maintained the 
same with the exception that the concentration of poly 
mer A was increased to 23.5%. 
The staple from the spin with the lower polymer con 

centration had 14.5 crimps per inch upon boil-01f while 
the staple from the higher polymer concentration had 
17.4 crimps per inch after boil-01f. 
The change to lower concentration in the spinning solu 

tion of the polymer yielding the lower shrinking homo 
?lament is preferably accompanied by an increase in the 
( n) of the polymer to maintain the viscosity of the spin 
ning solution at the desired level. 

EXAMPLE VIII 

Using the equipment of Example VII, a 23.5% solu 
tion in DMF of polymer A was extruded (147 grams/ 
minute) so as to face the cell wall in the outer edge of 
?laments and a 28.5 % solution in DMF of polymer B 
was extruded (147 grams/minute) so as to face the cen 
ter of the cell in the outer ring of ?laments. The gas 
was conducted through the cell at a rate of 81.6 lbs. per 
hour. Temperatures used were 110, 280, and 182° C. 
for the solution, head, and cell respectively. The yarn 
was wound up at 350 y.p.m., drawn 4.0X cut and dried 
and relaxed as in Example I to give a 3 d.p.f. staple with 
22.6 crimps per inch after boiling in Water. 
When the above spin was repeated with all conditions 

being the same with the exception that the head tem 
perature was raised to 345° C. the 3 d.p.f. staple upon 
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10 
boil-off had 17.4 crimps per inch and the DMF content 
of the as-spun yarn was lowered from 37.9 to 25%. 

EXAMPLE 'IX 

This example illustrates the critical eifect of the rate 
of ?ow of the evaporative medium in the spinning cell. 
The two polymer solutions of Example VIII were ex 

truded in the same manner as in Example VIII with tem 
peratures of'110, 345, and 182° C. for the solution, head, 
and cell temperatures respectively and the yarn wound 
up at 350 y.p.m. In one instance the gas was conducted 
through the spinning cell at a rate of ‘64.5 lbs. per hour 
While in the second instance the gas was conducted 
through the cell at a rate of 81.6 lbs. per hour. After a 
4X draw, drying and boil-off as in Example I a 3 d.p.f. 
staple with 19.7 crimps per inch was obtained from the 
?rst spin while the second staple (3 d.p.f.) spun at the 
higher aspiration rate contained only 17.4 crimps per 
inch. The use of the higher flow rate of gas reduced the 
DMF content of the as-spun yarn from 29.6% to 25 %. 

EXAMPLE X 

This example illustrates the critical selection of the 
cell temperature. 
Using the solutions, apparatus and conditions of Ex 

ample VII (i.e., 21.5% solution of polymer A and 28.5% 
solution of polymer B at 157 and 157 grams/minute re 
spectively) and the same spinning conditions with the 
exception that the cell temperature was 170° C. com 
posite ?laments were obtained after drawing 4X and re 
laxing having 21.0 crimps per inch. The use of a higher 
cell temperature of 195° C. with all other conditions be 
in‘) the same reduced the crimp intensity of the composite 
?lament to 14.5 crimps per inch. Residual solvent con 
tent of the two as-spun yarns (7.8 d.p.f.) were 29 (est.) 
and 24 (est.) percent respectively for 170° and 195° C. 
When Example I is repeated with all conditions the same 
except for raising the cell temperature to 210° C. ?la 
ments having 10 helical crimps per inch and an ECR of 
35% are obtained. The as-spun yarn contains 114% 
DMF. 

Suitable polymers for use in this invention can be found 
in all classes of linear ?ber-forming polymers that have 
a solubility such that they can be dry spun. The two 
polymers selected must ‘have the required difference in 
shrinkage and in swellability so that the composite ?la 
merrt crimps and a reversible crimp results. Suitablev 
polymers, method for selecting them, and crimping meth~ 
ods are described in coassigned and copending Taylor ap 
plication, Serial No. 771,677 ?led November 3, 1958 and 
now US. Patent No. 3,038,237. The following is a brief 
description of such subject matter: 

Either component of the composite, cn'mp reversible 
?laments of this invention can be found in many groups 
of synthetic addition polymer materials. The necessary 
differential reversible length change between the com 
ponents is readily obtained by altering the content ‘of 
ionizable groups in the two polymers. 

Such ionizable groups are readily ‘obtained by copolym 
erizing acrylonitrile, for example, with monomers con 
taining acid groups such as carboxylic, sulfonic or phos 
phonic in either the salt or free-acid ?lm as disclosed 
in the aforementioned Taylor application. 

The following sulfonated polymerizable monomers 
and their salts are eminently suited for use in this in~ 
vention: p-styrenesulfonic acid, meth'allylsulfonic acid, 
vallylsul?onic acid and ethylenesulfonic acid. 

It will be obvious to those skilled in the art that the 
required ionizable groups can be incorporated into a 
polymeric component by the blending of 2 or more poly 
mers. The polymers should preferably be compatible. 

Vinyl polymers other than acrylonitrile polymers can 
be used in this invention which, although not having the 
required reversible length change per se, can be modi 
?ed by acidic or basic modi?ers as suggested above, so 
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that the copolymers do have the. required reversible length‘ 
change. 
The inclusion of from 1—15% of certain. non-ionic 

modi?ers in copolymers of acrylonitrile enhances the 
effect of any ionizable groups present in the ?nal poly 
mer. In’ general, it has been found that the monomers 
that are e?ective in this connection are also the same 
monomers which, when incorporated into an acrylo 
nitrile polymer increase the dyeability Iof ?bers made 
therefrom with adisperse dye, ‘such ‘as the blue-disperse 
dye Prototype 62. 
Among the more desirable monomers from the point 

of view of enhancing the effect of ionizable group con 
tent 'are methyl acrylate, methyl methacrylate, methyl 
vinyl ketone, acrylamide, N-ter-tiarybutylacrylamide, 
vinyl mcthoxyethyl ether, ,methoxyethyl acrylate and 
vinyl acetate. , 

Vlhile the inclusion of as little ‘as 1% of one of the 
above monomers enhances the reversible length change 
effect of the ionizable groups contained in that polymer, 
generally from 3 to 10% is desired. 
The composite ?laments of this invention are char 

acterized in that at least one of the components contains 
at least 50 milliequivalents of ‘an ionizable group per 
kilogram of polymer. It is preferred that one component, 
in addition to containing at least 50 milliequivalents, 
contains a substantial excess of ionizable groups over the 
‘other component Where both components contain such 
groups. It is desired to point out, however, that the non 
ionic disperse dye enhancing monomers disclosed herein 
increase the effect of the ionizable groups in said com 
ponent in proportion to the concentration of the non-ionic 
modi?er. It is therefore desired, in order to obtain the 
substantial effects of this invention, to make allowance, 
where necessary, for the non-ionic modi?er content. 
The selection of polyacrylonitrile (the homopolymer) 

of (n) 1.5 to 2.5 and a copolymer containing at least 
95% acrylonitrile and from 1 to 5% of an acidic modi?ed 
monomer (95 to 350 milliequivalents of acidity per kilo 
gram of polymer) of (n) 1.0 to 2.5 is preferred. Even 
more preferred is the use of polyacrylonitrile and a 
copolymer of acrylonitrile containing sulfonic acid groups 
as discussed in the above cited copending application in 
the amount of 200 to 300 milliequivalents of acidity per 
kilogram of polymer. This preferred combination af 
fords, under the processing conditions of this invention, 
a medium level of crimp intensity (10 to 18 cn'mps per 
inch of extended length) that affords a pleasing handle in 
fabrics, ‘a high level of crimp reversibility (25 to 50 
ECR percent) which gives good recovery from com 
paction (300 to 400% from steaming), high bulk when 
incorporated into such articles as sweaters, and good dye 
ability with basic dyes. ' 
While a ratio in the ?lament of approximately 57% 

copolymer (polymer B) and 43% homopolymer or blend 
with up to 15% of the copolymer (polymer A) represents 
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12 
the preferred embodiment and has been used in the ex 
amples, it will be apparent that any ratio of the two 
polymers which results in 10—18 helical crimps per inch 
of extended ?ber length an ECR of 25-50% will be 
within the scope and spirit of this invention. 
The ?laments of this invention can be used in the 

preparation of normally spun yarns, however, for some 
applications, e.g., yarns intended for the knitting of 
sweaters, displaying little or no pilling, it has been found 
desirable ‘to use 'a high degree of twist in spinning the 
yarns. A twist multiplier of 2.0 to 4.0‘ is conveniently 
used in such applications as in consistent with the desired 
aesthetics. The twist multiplier is related to the twist 
(turns per inch, t.p.i.) by the following relationship: 

T.p.i.=Twist multiplier'X \/ cotton count 
Although this invention has been illustrated with the 

use of dimethylformamide, it will be obvious to those 
skilled in the art that other solvents can be used such as 
dimethy-lacetarnide. dimethylsulfoxide, succinonitrile, tet 
ramethylenesulfone, ethylene carbonate, nitromethane 
water, and their mixtures with non-solvents. 
What is claimed is: . . 

‘7 -1. Composite ?laments comprising at least two dry 
spun linear ?ber forming synthetic polymers arranged in 
eccentric relationship, characterized in that the ?larnents 
have 10- to 18 helical crimps per inch of extended length 
and an equilibrium crimp reversibility of 25 to 50%. 

2. Composite ?laments according to claim 1, char 
acterized in that each of the polymer components is a 
polymer of acrylonitrile. , 

3. A two-compound composite ?lament comprising 
polyacrylonitrile as a ?rst component and a copolymer 
of at least 95% acrylonitrile and l-5% of an acidic 
modi?ed monomer as the second component, said ?la 
ment having about 10—18 helical crimps per inch of ex 
tended length and having an equilibrium crimp reversibil 
ity of about 25-50%. 

4. The ?lament of claim 3 wherein the second com 
. ponent is a copolymer of acrylonitrile and styrenesulionic 
acid. 

5. The ?lament of claim 3 wherein the ?rst com 
ponent is a blend of polyacrylonitrilev and up to 15% 
of a copolymer of at least 95% acrylonitrile and 1—5% 
of an acidic modi?ed monomer. 

6. A two-component, side-by-side composite ?lament 
comprising a blend of about 85% polyacrylonitrile and 
about 15 % of a copolymer of 96% acrylonitrile and 4% 
styrenesulfonic acid as a ?rst component and a copolymer 
of 96% acrylonitrile and 4% styrenesulfonic acid as 
a second component, said ?lament being characterized 
by having 10 to 18 helical crimps per inch of extended 
length and an equilibrium crimp reversibility of 25 to 
50%. 

No reference cited. 


