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This invention relates to the production of 
artificial filaments and fibers having a pro 
nounced Wool-like crimp or curl. 

It is the object of the present invention to pro 
wide an improved process for producing regener 
ated cellulose fibers or filaments which are re 
versibly convertible between a straight condition 
and a crimped condition, which process is partic 
ularly effective when operating at spinning 
Speeds ranging from the conventional spinning 
Speeds of 30 to 90 meters per minute all the way 
up to 150 to 200 meters per minute. It is partic 
ularly an object of the invention to provide a 
proceSS of Spinning Such reversibly crimpable 
flaments or fibers adapted to continuous produc 
tion at high spinning speeds. 

In the drawing, which is illustrative of the in 
wention, 

Figure 1 is a side view of a fiber, greatly en 
larged, made by the process of the present inven- ; 
tion, and 

Figure 2 is an end view of a group of fibers ac 
cording to the invention, after cutting and dye 
ing to show up the skin in the manner described 
hereinbelow. 
In accordance with the present invention, 

crimped filaments of special structure are pro 
duced by Spinning a viscose having a high con 
tent of cellulose, of caustic soda, and of carbon 
disfulfide into a specially correlated spinning 
bath under conditions hereinafter described if 
the filaments are sufficiently small in diameter, 
being not larger than ten denier per flament. 
This can be accomplished by extruding the vis 
cose into an aqueous acid coagulating and regen 
erating bath which has, because of a high total 
salt content, a rapid dehydrating effect upon the 
extruded Xanthate filaments and sets up thereon 
an at least partially regenerated skin of substan 
tial thickness about a still substantially liquid 
or exceedingly soft and plastic core. This skin 
is set up rapidly and, having a strong tendency 
to shrink as the result of the dehydrating action 
of the coagulating bath, it apparently expends 
its circumferential shrinkage component, which 
is prevented by the incompressible core from ex 
erting a mere reduction in diameter of the fila 
ments, by splitting or rupturing longitudinally at 
numerous places along, or Sometimes throughout 
the length of, the filaments and then compressing 
the core, thereby causing part of the core to flow 
through the rupture, in which state the filaments 
are finally set up. The portion of the resulting 
filaments that is forced out of the core responds 
to the subsequent stretching (which is preferably 
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high to obtain the greatest crimpiness) differ 
entiy than the remainder of the filaments, and 
because of the eccentric disposition of the two 
portions relative to the cross-section of the fila 
ment, a high degree of crimpiness is obtained. 
The cross-section at many points along the 

filaments and in Some cases throughout the 
length thereof, as shown in the drawing, exhibit 
a structure in which one portion. A has a thick 
skin showing a break along the juncture with the 
other portion B which has a thin skin or none at 
all. As is shown in Figure 1 in that part of the 
length of the crimped filaments which have the 
peculiar structure just noted, the portion. A hav 
ing the thick skin generally takes the inside of 
the bends of the crimp, because of a stronger 
tendency to shrink. The only exception to this 
generally occurs when the filaments are pro 
duced under relatively low or negligible tension, 
in which event, the thick-skinned portion fre 
quently takes the outside position at the bends 
in the crimp. The skin apparently is composed 
of slenderer micelles which are more highly 
Oriented than those of the body or core of the 
filament. It may be differentially dyed by the foll 
lowing procedure: A microtome section of one or 
more of the filaments mounted in a Wax block is 
taken and mounted on a slide with Meyer's 
albumin fixative. After dewaxing in xylene, the 
section is placed in successive baths of 60% and 
30% alcohol for a few moments each, and it is 
then stained in 2% aqueous solution of Victoria, 
Blue BS conc. (General Dyestuffs Corp.) for 1 to 
2 hours. At this point, the entire section is blue. 
By rinsing the section first in distilled water and 
then in one or more baths composed of 10% 
water and 90% dioxane for a period varying from 
5 to 30 minutes depending on the particular fla 
ment, the dye is entirely removed from the core, 
leaving it restricted to the skin area.S. 

In accordance with the present invention, Wis 
coses having a content of 9 to 10% cellulose and 
9 to 10% caustic soda and a correspondingly 
high content of carbon disulfide, viz. 29 to 45% 
CS2 (preferably 38 to 42%) based on the alpha 
cellulose content of the pulp are ripened to a salt 
test of about 3 to 6 (preferably 4 to 5). The ball 
fall viscosity of the resulting viscoses may be 
between 20 and 150 depending upon the partic 
ular Source of cellulose (wood, cotton or other) 
and the particular procedure of making the 
viscose. Depending upon the efficiency of the 
particular equipment used for blending and age 
ing, it may be desirable to reduce the viscosity of 
certain of the Wiscoses that would otherwise nor 
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mally have a viscosity above 80 (ball fall) by in 
creasing the alkali cellulose ageing time. 
The acid bath must have a regelerating ca 

pacity equivalent to that of 9 to 14% of sulfuric 
acid mixed with a small proportion of a zinc salt 
and a large proportion of sodium sulfate to fulfilli 
the requirements of the present invention. The 
zinc salt may be zinc sulfate, the coagulating 
bath containing at least about 20.5% but not 
more than about 3% thereof. 
higher proportion has the advantage of increas 
ing the thickness of skin initially formed, which 
in turn causes an increase in the differential 
shrinkage between the two portions of the fila 
ments and results in greater crimpineSS. How 
ever, it has the disadvantage of increasing the 
toughness of the skin and making more critical 
the spinning conditions which will cause rupture 
to occur consistently. For most purposes it has 
been found that the most favorable proportion 
of zinc sulfate is about 1 to 1.5%. The higher 
proportions between 1.5 to 3% zinc sulfate may 
be used with entire Satisfaction. When the higher 
range of Sulfuric acid between 1042 and 14% is 
used, the Swelling tendency of the acid on the 
filaments compensating for the tendency of the 
Zinc sulfate to form a tough skin. 
To assure that the bath exerts a strong dehy 

dration on the filaments, a high proportion of 
salts, such as sodium sulfate or potassium Sul 
fate between about 15 to 25%, should be used. 
As a general rule it has been found that the 

optimum results are obtained for any given vis 
cose by Spinning. into coagulating baths having 
from about 9 to about 10% sulfuric acid, about 1. 
to 1.5% zinc sulfate, and about 19 to 22% sodium 
Sulfate. 
The coagulating baths should have a tempera 

ture between 40° C. and 60° C., preferably 45 to 50° 
C. The innersion depends on the Speed of Spin 
ning, and by way of illustration may be between 
10 and 90 inches. The immersion should prefer 
ably be sufficient to substantially completely co 
agulate the filaments before Stretching is perm 
formed thereon, so that the maximum differen 
tial in shrinkage is obtained, the longer immer 
sions resulting in more extensive crimping. Pref 
erably the draw-off speed of the filaments from 
the spinneret is greater than the velocity of ex 
trusion. 
The Size of the finished filaments after stretch 

ing must be not larger than 10 deniers per fila 
ment and preferably is between one and six de 
niers per filament. For a given set of conditions, 
the Smaller the denier, the greater the crimp. 
Above about 10 deniers per filament, the crimp 
ing is negligible, although the longitudinal rup 
turing appears to take place. 
The longitudinally ruptured filaments are pref 

erably stretched by at least about 40% (as meas 
ured by differential in godet speeds) or its equiv 
alent obtained by tension guides, either of a ro 
tary or a Stationary type, and the stretching must 
be followed by relaxation in order to obtain ef 
fective crimping. The stage of filament produc 
tion at which the stretching is effected is not criti 
cal, though the most satisfactory results are ob 
tained where the stretching is performed shortly 
after coagulation while the filaments are still 
in plastic condition. For example, the filaments 
after leaving the coagulating bath may proceed 
in succession about two or more godets, each of 
which has a greater peripheral speed than that 
preceding it. The filaments may then proceed 
through the conventional wet-processing, drying 

The use of the 

4. 
and collecting stages. As they proceed through 
these stages, they may be manipulated so as to 
be substantially free of tension, in which event 
the finished filaments obtained are inherently 

5 crimpy. They may, however, proceed through the 
treatment stages under tension, in which event 
the final filaments are substantially free of crimp. 
However, in this latter case they may be readily 
Crimped at any time before or after shipment 
merely by plasticizing them, such as by Wetting 
them with cold or hot water, relaxing them while 
Still Wet, and drying them while substantially 
free of tension. If desired, this wetting or plasti 
cizing may be preceded or accompanied by fur 
ther stretching. 
The actual Spinning of the filaments may not 

involve any stretching, such as between godets, 
in which event the relatively uncrimped filaments 
collected may be stretched at any subsequent pe 
riod before or after shipment and then relaxed. 
Such stretching may be followed by or accom 
panied by plasticization. After stretching, the 
filaments are relaxed in plasticized condition and 
dried in relaxed condition to produce the crimped 
Condition. 
The Stretching may be performed upon the fila 

ments at any stage of the Wet-processing, but the 
maximum crimping is obtained by applying the 
Stretch shortly after the filaments leave the co 
agulating medium. At this stage, any degree of 
Stretching may be applied up to the rupture of 
the filaments, the higher the stretch applied, the 
greater the crimpiness obtained, thus providing 
a means of ready control of the critap. Stretches 
of 50 to 80% or raore yield excellent crimps. 
Where necessary the stretching may be facilitat 
ed by paSSage of the filaments through a plasti 
cizing bath, Such as of hot water, hot acids, and 
the like. 
The procedure may advantageously be applied 

to the production of staple fiber as Well as contin 
uous or broken filament yarns. An illustrative 
embodiment of its adaptation to staple fiber pro 
duction is as follows: The filament bundles pro 
ceeding from several Spinnerets over stretching 
godets are combined into large bundles of 1200 
up to 400,000 deniers. The large bundles while 
still wet are cut to staple fiber, which is allowed 
to fall into a liquid bath which raay serve mere 

50 ly to effect opening of the fiber clumps and re 
lax the fibers therein, or may also serve the pur 
pOSe of an additional liquid treatinent, Such as 
Washing or desulfurizing. 

For illustrative purposes, the following specific 
55 examples are described: 

0 
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Eacample 1 

A Wood pulp viscose having 9% by weight So 
60 dium hydroxide, 10% by weight cellulose, 35% 

carbon disulfide (CS2 based on weight of alpha 
Cellulose), and a common salt test of 5.3 was spun 
through a 500 hole spinneret having 2.5 mill holes 
into a spinning bath at 45° C. containing 9% 

65 H2SO4, 1.1% ZnSO4, and 16% Na2SO4. The speed 
through the bath was about 20 meters per minute 
and the immersion was 19 inches. After leaving 
the bath, the filaments passed over two godets 
in succession having a differential in speed which 

70 effected a 65% stretch of the filaments. During 
this stretching, the filaments were treated with 
hot water. The filaments were then allowed to 
fall limply into a receptacle, so that collection was 
effected with little or no tension. After wet treat 
ing and drying without tension, the filaments of 
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two denier per flament size averaged 23 crimps 
per inca. 

Eacample 2 
A cotton pulp viscose otherwise of the constitul 

tion of Example but having a common salt point 
of 4.7 and a viscosity of 40 (ball fall) was spun 
through a 3000 hole spinneret into a bath at 45 
C. containing 102%. HaSO4, 1.5% ZnSO4, and 20% 
Na2SO4. Tae fament bundle was stretched 62% 
between godets but without application of addi 
tional plasticizing medium. After collecting and 
drying in relaxed condition, the final filaments 
had a size of 1 denier per filament and averaged 
15 crimps per inch. 

Eacample 3 
A high alpha-cellulose and wood pulp was con 

verted into a yiscose having 10% by weight cellu 
lose, 10% sodium hydroxide, and S3% carbon di 
sulfide (CS based on weight of alpha-cellulose) 
and after ageing to a common Salt point of 4, 
was spun unto a spinning bath at 50 containing 
10% sulfuric acid, 1% zinc sulfate, and 20% 
sodium sulfate. The speed through the bath was 
80 meters per minute and the immersion was 24 
inches. The filaments assembled in the form of 
a tow were given a 65% godet stretch, during 
which they were plasticized with hot water. 
Shortly after stretching and before any Substan 
tial drying of the flaments, they were cut to 
staple fiber which were immediately allowed to 
fall into a water bath for wet opening. After 
processing in conventional manner, the fibers were 
dried without tension. The resulting fibers had 
a size of 3 denier per flament and averaged about 
12 crimps per inch. 

Eacample 4 
A Wood pulp viscose of the constitution of Ex 

ample 3, except that the carbon disulfide was 
about 43%, was spun at an age of about 5% 
common salt point into a spinning bath at 45 C. 
containing 14% sulfuric acid, 1.5% zinc sulfate, 
and 20% sodium sulfate. After leaving the bath, 
the filaments were given a 62% godet stretch. 
After Wet processing, the filaments were dried in 
a relaxed condition to give a product having a 
size of 3 denier per flament and averaging 8 
crimps per inch. 

Encample 5 

A cotton pulp viscose having the constitution 
of that of Example 1 (except that the carbon di 
sulfide was 43%) was spun, after aging to a con 
mon salt point of about 4%, into a bath at 45 C. 5. 
containing 9% sulfuric acid, 0.5% zinc sulfate, 
and 24% Sodium sulfate. The filaments, after 
leaving the bath, were given a godet stretch of 
60%. After wet processing, the filaments were 
dried in relaxed condition. The product had 
a size of 3 denier per filament and averaged 3 
crimps per inch. 

Eacample 6 

A wood pulp viscose otherwise of the constitu 
tion of Example 3 was spun, after ageing to a 
common salt point of 5.2, into a bath at 45° C. 
containing 11% of Sulfuric acid, 1.5% zinc sul 
fate, and 20% sodium Sulfate. The speed through 
the bath was 60 meters per minute and immersion 
was 54 inches. The filaments after leaving the 
bath, were given a 70% godet stretch. After 
wet processing, the filaments were dried in re 
laxed condition. The filaments obtained had a 
size of 5 denier per filament, and averaged 15 
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crimps per inch. The filaments had a tensile 
strength of 2.11 grams per denier Wet, and had 
extensibilities of 15.9% dry and 16.3% wet. 

Eacample 7 
The procedure of Example 6 was followed, ex 

cept that no godet stretch was applied, and the 
filaments were dried under slight tension, so that 
no crimp was obtained in the product. Subse 
quently the filaments were soaked with cold water, 
stretched 45%, allowed to relax and dried in re 
laxed condition. The resulting product exhibited 
an average of 10 crimps per inch. 

Eacample 8 
A wood pulp viscose having 10% by weight of 

Sodium hydroxide, 9% cellulose, 33% carbon di 
sulfide (CS2 based on alpha-cellulose) and aged 
to a common salt point of 3.5 was spun into a bath 
at 45° C., containing 11% sulfuric acid, 1% zinc 
sulfate, and 20% Sodium sulfate. An immersion 
of 24 inches in the bath and a speed therethrough 
of 80 meters per minute were used. After leaving 
the bath, the filaments were plasticized with hot 
Water and given a godet Stretch of 65%. Shortly 
after stretching and before any substantial dry 
ing of the filaments, they were cut to staple fibers, 
which were immediately wet opened and processed 
in conventional manner, until finally dried with 
out tension. The resulting fibers had a size of 
2 denier per filament, and averaged 10 crimps 
per inch. 

Eacample 9 
A viscose of the constitution of Example 5 was 

spun into a bath at 45° C., containing 12% sul 
furic acid, 2% zinc sulfate and 25% sodium sul 
fate. An immersion of 74 inches and a speed 
therethrough of 90 meters per minute were emi 
ployed. After leaving the bath, the filaments 
were given a 60% godet stretch. After wet proc 
essing, the filaments were dried in relaxed con 
dition. The resulting product had a size of 2% 
denier per filament, and averaged 1 crimps per 
inch. 
The resulting filaments which have dry tensile 

strengths up to about 24 to 22 or more grams per 
denier, wet tensiles up to about 1 to 1A or more 
grams per denier and dry extensibilities down to 
as low as about 15%, may have from about 5 up to 
30 or more crimps per inch. 
The individual flaments produced in accord 

ance with this invention have a structure having 
a cross-section at numerous, or sometimes at all, 
paints of the filament length which comprises two 
more or less distinct component areas side by 
side, each of which appears to have a different 
composition or state of physical aggregation than 
that of the other. The distinct areas exhibit 
therein differences in shrinkage, swelling, exten 
sibilities, strength, orientations, dye absorptions, 
chemical reactivity, crenulation, and they show 
different skin thicknesses which is readily ob 
servable as a differential dye absorption phe 
nomenon when they are stained with certain dyes, 
such as by the procedure described hereinabove. 
The crimped filament takes the form of a regul 

lar or irregular helical coil which may reverse 
itself in direction at more or less frequent inter 
vals of regular or irregular occurrence, the eccen 
tric components of the filament having different 
skin-thickness following a random helical path 
about the longitudinal axis of the filament, which 
path may reverse itself at more or less frequent 
irregular or regular intervals. Thus, the crimps 
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of the filament are disposed out of phase and at 
random in three dimensions." 
The individual flaments produced in accord 

ance with this invention, in their state of nor 
malcy are characterized by a stabilized condition 
having an inherent distortion which imparts a 
permanently recoverable crimp. The only con 
dition under which it loses its crimp (and in this 
case the loss is temporary) is that prevailing 
when the crimped filament is wetted and caused 
to dry while under tension. It can be repeatedly 
wet and dried without an appreciable loss in 
crimpiness, as long as it is permitted to dry in 
a relaxed condition. If dried under tension the 
crimp can be recovered merely by wetting and 
drying while relaxed. 
No completely satisfactory, tests have been 

devised to evaluate the degree of permanency of 
a crimp. However, the crimped filaments of this 
invention have been found to poSSeSS a "crimp 
retentivity' ranging from about 60% up to a 
value approaching 100% when tested in accord 
ance with the procedure outlined in the Hardy 
et al. Patent 2,287,099. 
when subjected to that test, not merely after a 
Single immersion but after as many as 20 or nore 
immersions have been found to show crimp 
retentivities as high as Substantially 100%, and 
relatively few of the flaments made in accord 
ance with this invention have been found to have 
crimp retentivities as low as 60%. The crimp 
retentivity test as outlined in Patent 2,287,099 is 
performed in water at 60° C. It has been found 
that for the filaments of this invention, crimp 
retentivity is fully as high when cold or boiling 
water is used in the test. Thus, the filaments of 
the present invention show up just as well (that 
is, from about 60 to 100%), when measured by 
the “crimp recovery from stretch' test Outlined 
in the above mentioned Patent 2,287,099, as they 
do when they are evaluated by the crimp re 
tentivity test. 
The filaments and staple fibers of the present 

invention do not appreciably lose their crimp 
during the ordinary conditions of wear, in either 
of which temperatures ranging from the neigh 
borhood of the freezing point and the boiling 
point of water are encountered. Fabricated 
products made from these filaments and fibers 
thus have properties which may be made to ap 
proach those of natural wool in Some respectS. 
The crimped filaments and fibers of this inven 

tion show improved carding and improved spin 
ning quality, increased bulk resilience, and a 
fabric appearance and feel that approaches that 
of wool. 
The filaments or fibers in straight or crimped 

condition, may be formed into yarns and thread 
of all types, and are particularly advantageous 
for Spinning on the Woolen System. The yarns or 
threads may then be woven, knitted, knotted or 
braided into fabrics. The filaments in Such yarns 
may be rendered crimpy before or after conver 
sion of the yarn into fabrics. Particularly ad 
vantageous results are obtained by spinning the 
fibers in a crimpy condition to improve their 
coherence during the drafting stages. In many 
cases, the drafting reduces the crimp because of 
the high tensions applied. This is favorable to 
the subsequent fabrication in which a compact 
condition of the yarns is generally desirable. The 
yarns in the resulting fabric can then be rendered 
bulky by soaking in an aqueous medium, prefer 
ably hot, while allowing the yarns therein to 
relax, and Subsequently drying in relaxed condi 

individual filaments 
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tion. The more open and loose the mesh of the 
fabric, the more bulky the fabric becomes. The 
aqueous medium may be any that are ordinarily 
used in finishing the fabric, such as rinsing, dye 
ing, bleaching, softening, soaping, or the like. 
. The utilization of the special high cellulose 
content viscose of the present invention makes it 
possible to spin filaments or fibers having ex 
cellent crimp at extremely high spinning Speeds. 
As compared with prior processes, all of which 
depend on viscoses having relatively low con 
tents of caustic and cellulose, the present proc 
ess has an additional advantage in that the vis 
cose-making equipment is used far more effi 
ciently. There is consequently a large Saving 
in the cost of the viscose produced. 

It is to be understood that changes and Waria 
tions may be made without departing from the 
spirit and scope of the invention as defined by 
the appended claims. 
We claim: 
1. A process for the production of filaments 

of not more than 10 denier per filament con 
prising extruding a viscose containing between 
9 and 10% of cellulose, between 9 and 10% so 
dium hydroxide and having a Sodium chloride 
salt test of 3 to 6 into a coagulating bath. Con 
sisting of water, between 9 and 14% sulfuric 
acid, between 0.5 and 3% zinc sulfate, and be 
tween 15 and 25% sodium sulfate, stretching the 
filaments, relaxing the filaments in a Wet con 
dition, and drying them in a relaxed state. 

2. A process for the production of filaments 
of not over 10 denier per filament comprising 
extruding a viscose containing between 9 and 
10% cellulose, between 9 and 10% sodium hy 
droxide and having a sodium chloride Salt test 
of 3 to 6 into a coagulating bath consisting of 
water, between 9 and 14% sulfuric acid and be 
tween 0.5 and 3% zinc sulfate, and between 15 
and 25% sodium sulfate, continuing to pass the 
filaments through the coagulating bath to effect 
substantially complete coagulation thereof, Sub 
sequently stretching the filaments at least 40%, 
wetting them, relaxing them while in a wet con 
dition, and drying them in relaxed condition. 

3. A process for the production of filaments 
of not over 10 denier per filament comprising 

50 
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extruding a viscose containing between 9 and 
10% cellulose, between 9 and 10% sodium hy 
droxide and having a sodium chloride Salt test 
of 3 to 6 into a coagulating bath consisting of 
water, between 9 and 10% sulfuric acid, between 
1 and 14% zinc sulfate, and between 15 and 25% 
sodium sulfate, continuing to pass the filaments 
through the coagulating bath to effect substan 
tially complete coagulation thereof, shortly 
thereafter stretching the filaments at least 40%, 
relaxing them, and subsequently drying then 
While in relaxed condition. 

4. A process for the production of filaments 
of not over 6 denier per filament comprising 
extruding a viscose containing between 9 and 
10% cellulose, between 9 and 10% sodium hy 

65 droxide and having a sodium chloride salt test 

70 

75 

of 4 to 5 into a coagulating bath consisting of 
water, between 9 and 10% sulfuric acid, between 
1 and 1.5% zinc sulfate, and between about 19 
and 22% sodium sulfate, continuing to paSS the 
filaments through the coagulating bath to effect 
Substantially complete coagulation thereof, 
shortly thereafter stretching the filaments at 
least 40%, relaxing them, and subsequently dry 
ing them while in relaxed condition. 

5. A process for the production of filaments 
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of not more than 10 denier per flament con 
prising extruding a viscose containing a small 
amount of a viscosity reducing agent, between 

10 stretching the filament at least 40%, relaxing 
them, and subsequently drying them while in relaxed condition. 

9 and 10% cellulose, between 9 and 10% sodium - 
hydroxide and having a sodium chloride salt 
test of 3: to 6 into a coagulating bath consisting 
uf water, between 9 and 14% sulfuric acid, be 
tween 0.5 and 2% zine sulfate, and between 15 
and 25% sodium sulfate, stretching the fla 
ments, relaxing the flaments in a wet condi 
tion, and drying then in a relaxed state. 

6. A process for the production of flaments 
of not over 6 denier per flament comprising 
extruding a viscose containing between 9 and 
10% cellulose, between 9 and 10% sodium hy 
droxide, between 38 and 45% carbon disulfide 
based on the weight of alpha-cellulose, and hav 
ing. a sodium chloride salt test of 4 to 5 into a 
coagulating bath consisting of water, between 9 
and 10% sulfuric acid, between and 1.5% zinc 
sulfate, and between about 19 and 22% sodium 
sulfate, continuing to pass the flaments through 
the coagulating bath to effect substantially con 
plete coagulation thereof, shortly thereafter 
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