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Our present invention relates to the produc-
tion of artificial filaments, fibers or ribbons from
cellulose and more particularly to the production
of curly fllaments and the like.

In producing artificial fllaments and the like,
especlally staple fibers, it is necessary to give the
fillaments a more or less ine-wavy stable curl, In
order to render them wool-llke, Not only is this
curl of the artificlal fllaments of importance for
the properties and working up of products un-
spun, but for the properties and particularly the
strength of the yarns spun therefrom.

Many propertles have been made for curling
staple fibers and the like. However, there is no
method which results in products satisfactory In
every respect. It has, for instance, been pro-
posed to curl the cut filber by means of liquids
intensely moved, for instance, after-treating baths
or decomposing baths. It is also possible to press
filaments freshly produced and still plastic as
well ag finished, for instance, with fluted rolls to
form fine waves. Moreover, it has been proposed
to give loose filbers a wavy form by a treatment
with vapors or by alternately ccoling and heating
them. Furthermore continuous fllaments may be
waved by an apparatus In which the fllament
freshly spun Is conveyed towards a fixed scrap-
ing device. Tt is also known to curl the fibers by
means of shaking, motion of the spinning nozzle
or vibrations of the spinning bath. A process has
also been proposed In which fllaments of cellulose
xanthogenate are converted into cellulosehydrate
in hot decomposing liquids without stretching.
It i1s finally known to subject the fllaments in &
strongly acld condition after being treated in the
spinning bath to a stretching procedure under a
stress gradually Increasing in several drawing
frames, then to deacidify the fllaments with
stretching at a temperature between 90 and 100°
C, and to cut them into staple fibers in a desul-
furizing liquld whereupon they are after-treated
in loose form.

All these modifications are of disadvantage as
they cause much trouble, In addition the cur! ob-
tained is not sufficlently stable and the guality of
the resulting filaments and the yarms made there-
from 1is decreased by these curling methods.

Our present invention has as an object to over-
come the disadvantages mentioned above.

. Another object 15 the provision of a process for
producing a permanent curl without carrying out
troublesome steps. .

A further object 1s to provide textile fibers valu-
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a5 well as the properties of the yarns spun there-
from.

Yet another object I8 to provide cutl bundles of
curled fibers retaining their parallel position.

Other objects of our invention will become ap-
parent from reading the detafled description fol-
lowing hereinafter.

These objects are accomplished by preparing
filaments, filbers or ribbons which entirely con-
sist of cellulosehydrate and are formed by two
superimposed layers exhibiting structures dif-
ferent from each other. This difference in siruc-
ture is produced by regenerating to cellulosehy-
drate one of these layers before stretching and
the other layer durlng or after stretching. The
layers react In a different manner when treated
with swelling agents preferably heated and would
extend to different lengths if possible. Since the
two layers, however, strongly adhere to each oth-
er, they are forced to warp more or less. Thus
fllaments are obtained which are curly and wavy.
As a rule the outer layer is regenerated withcut
or with slightly stretching, whereas the regen-
eration of the inner layer is effected with strong-
ly stretching. However, it is also possible to at-
tain cur] in the fllament, if the outer layer is
treated under strong drawing and the inner layer
without drawing. .

The formation of an outer layer not stretche
or only slightly stretched is effected in working
up viscose according to this invention in weskly
egcld baths, the acid content of which may be
dependent upon the ripeness of the spinning so-
lution and the desired titer of the filament to be
spun, but must not be substantially higher than
that of sulfurie acid of 12% strength.

The regeneration and intense stretching of the
Inner layer of the filaments is carried out in &
hot water bath which may contain small amounts
of aclds or aclds and salts. It is of advantage to
use two water baths, the first contalning some
peld and, if desired, salt and the second only
water,

In order to obtain the difference in tension the
continuous or cut two-layered fllaments gare
swelled without stretching in preferably hot wa-
ter, whereby the fllaments freshly produced are
simultaneously purified. In addition, the employ-
ment of hot water iIs favorable, because the ten-
slons are more rapidly released in the heat than
in the cold. Instead of water there are also used
other liquids capable of swelling cellulose, for
instence, cold and hot solutions of salis, alkalies
or aclds, especlally solutions of substances ¢apable
of chemically acting on the swelling cellulose,



such as zinc chloride, calcium thlocyanate, so-
dium hydroxide, sodium sulfide or strong sulfuric
acld. Steam Is also suitable for producing curl.

It is advantageous to swim the fllaments in a
loose condition In the swelllng liquids, in order
that each fAllament can move as freely as possible.
An Intense moving of the liquids is to Le avolded
since nubs can he formed upon the filaments
thereby. It is desirable to treat the fllaments
freshly produced and being still wet in the swell-
ing baths. However, the treatment may also be
carrled out by causing threads already after-
treated with drawing and dried to swell. In this
case the success generally Is not great.

Processes, In which filaments spun in acid baths
without stretching have heen regenerated while
strongly stretching, do not yield curl in the gla-
nients on after-treating with swelling agents.
The reason resides in the fact that the fillaments
when treated with the swelling agents have not
bheen capable to be curled or have not possessed
the necessary difference in tension between the
outer and the Inner layers or the outer layer has
been too thick or too thin compared with the in-
ner layer. As we have found it iIs necessary that
the tendencies to shrink of the two layers are
different from each other but sapproximately
equal in strength. It is without diffeulty to con-
trol the procedures of the coagulation and regen-
eration so as to obtain the desired character of
curl. The ripeness of the viscose can be chosen
for a given effect of coagulation and a certaln
duration of action in the first bath so, that the
filament 1z regenerated to such an exient after
having passed through the first bath and the
open air behind it that an approximsaiely equal
part, which is regeneraied during or after
stretching, remains for the inner layer. It is im.
material whether the non-siretched or only
slightly stretched outer layer and the strefched
inner layer are regenersted In one or geveral
baths, If two baths serve to form the outer Iayer,
the first coagulating bath may contain guch sub-
slances ag convert the surface of the filament
only into cellulose xanthogenate. It Is of advan-
tage to stretch the inner layer as intensely as
possible. The stretching is therefore convenlent-
1y carried out In 8 hot liquid.

‘When the ripeness and viscosity of the spinning

solution are given in the spinning process accord-

ing to this invention, the effects of coagulation
and regeneration or the duration of action of the
baths, 1. e. the acld and salt content and the tem-
perature of the baths, and the length of the

paths In bath and air may also be controlled in ¢

such a manner that the energles produced in the
two layers by releasing the difference in tension
are different and act against each other, whereby
o curl is obtained. 'The adjustment of the first
bath is considerably facilitated by adding large
amounts of salts capable of retarding the decom-
position of the filament. There are calions suit-
able for produclng a fine-wavy curl such as zinc,
potassium, lithium, ammonium, aluminium, and
magnesium. In order to find out & bath con-
taining & favorable combination of acids and
salts, it 1s merely necessary to place the spun fila-
ments into hot water and observe the forming
curl. By varying the scidity of the first bath
snd/or the salt content and/or the period of ac-
tion of the baths the conditions are quickly de-
termined on which the most snifteble curl is pro.
duced. A short wavy curl is easlly atiained by
using zinc and/or potessium salts.

10

is

20

30

i

48

]

0

The process of this inventlon is not only ap- 78

373,140

plicable to the production of cellulosehydrate fil-
aments from viscose but to that of artiflclal fila-
ments from copper hydroxide ammonia sclutions.
In this ease the outer layer may be formed in the
spinning funnel without considerably stretching
and the inner layer subsequently outside the fun-
nel] durlng or after strongly stretching, preferably
in hot water which may contain some acid,
After the copper has been washed out from the
thread, convenlently under stretchung, curl is
effected by the same means which are used for
working up viscose.

For produeing curl according to the present in-
vention it is not necessary that the outer cellu-
losehydrate layer i sharply separated from the
inner layer. Several Intermediate layers may
also he provided.

The more detailed practice of this invention 1s
1llustrated hy the following examples. There are
of course many forms of the invention other
than these specific embodiments.

Ezample 1

Viscose contalning 8% of cellulose and 6.5%
of caustic soda with a ripening point of 7%
is extruded through a 2500/0.07 nozzie into a bath
containing 7.9% of H:804, and 29.5% of NaiS3O
and kept at 50° C, the length of immersion being
15 cm., to form g 1.4 denier thread. The bundie
of fllaments Is collected over a guide rolier on a
drum having a peripheral speed of 33 m/minute
and is continuously transferred through a water
bath heated to 95° C and comprising a length of
immersion of 1 m to a second drum having a
peripheral speed of 55 m/minute. The threads
are then sent through a cutting device without
streitching. The staple fibers thus obtained are
subsequently freated in a waber bath at 80° C,
in order to release the difference in fension, and
remain therein floating free [rom one another
until contraction is compiete. Finally the staple
fibers while conveyed by a band permeable to
liquids are sprinkled with solutions suitable for
after-treatment without being suspended in the
liguids.

Example 2

Viscose containing 7.7% of cellulose and 6.5%
of caustlc soda with a salt point of 73 is ex-
truded through a 600/0.08 nozzle into a bath con-
talning 9.86% of HaSQq, 28.5% of NexS0O: and
2.2% of Zn80s and maintalned at 50° C, the
length of immersion being 15 ¢m., to form a 3.75
denier thread. This threed is transferred into
& channel 1 m in length and contalning water
of 96° C by a drum at the rate of 29 m/minute
and is stretched therein by a second drum hav-
ing & peripheral speed of 55 m/minute. The
fibers cut up without tension are then ireated,
without being previously dried, with sulfuric scid
of 2% strength at 70° C to produce curl, are sub-
sequently deacidifled without being suspended in
the Haquid used, then desulfurized, soaped and
finally dried. The flbers exhibit a good short-
wavy curl, a tenacity (dry) of 3 grams per denisr,
a tenacity (wet) of 2 grams per denier, and an
elongation of 19%.

Ezample 3

Viscose containing 7.7% of cellulose and 8.5%
of caustic soda with a salt point of 7% ls ex-
truded through a 2500/0.07 nozzle into a bath
containing 8.0% of HaSs, 27.3% of NesSOy and
1.8% of ZnSOy and kept at 50° C, to form & 1.4
denier thread, the length of the Alaments im-
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mersed being 30 em. The filament bundle is then
collected on a drum having a peripheral speed of
34 m/minute and is continuously transferred
through a water bath 4 m in length to a second
drum heated at 80° C and having a peripheral
speed of 55 m/minute. The filaments are then
cut up without tension and treated with water in
a vat at 75° C. The staple fibers thus curled and
loosened are finally brought by a conveying band
to the several treating baths.

Ezample 4

Viscose contalning 7.7% of cellulose and 6.5%
of caustlc soda with a ripening point of €634 is
extruded through a 2500/0.07 nozzle into a bath
containing 8.7% of HaBOu, 21.8% of Na:B504, 6.5%
of (NHw) 2804, and 1.8% of ZnS04, the length of
the fllaments immersed being 15 cm. The bundle
of fllaments Is collected on a drum at the rate
of 32 m/minute and transferred through a water
bath 3 m in length at 95° C while drawn by a
second drum having a peripheral speed of 55
m/minute. The filament bundle is then cut up
and the staple fibers are subsequently treated with
sulfuric acld of 1% strength at 85° C, whereby the
curl is released. Pinally the fibers are freed from
acid by washing, after-treated without being sus-
pended in the used liquids and dried.

Example 5

Viscose contalning 7.98% of cellulose and
6.36% of caustic soda with a ripening point of
74 1s extruded through a 2500/0.07 nozzle into
a bath contalning 79% of HaSO4, 22.3% of
NeaB0y, 6.7% of KaBOu4, and 24 % of ZnS804 and
kept at 50° C, to form a 1.4 denler thread, the
length of immersion being 15 cm. The thread is
collected on a drum having a peripheral speed
of 32 m/minute and is transferred through a hot
bath 50 cm. In length and contelning sulfuric
acld of 2% strength and subsequently through a
water bath 4 m in length at 90° C. The fllaments
are siretched by a second drum with a periph-
eral speed of 55 m/minute during these two pro-
cedures. The bundle Is then cut up without
drawing and treated with hot water to release the
difference in tenslon. The staple fibers thus
curled and loosened are finally after-{reated and
dried. The resulting fibers exhibit an especially

fine and uniform curl and resemble merino-wool.

Example 6

Viscose containlng 7.7% of cellulose and 6.5%
of caustic soda with a salt point of 7% is spun
into & setting bath containing 7.9% of HaSOq,
268.8% of NaaSO4 and 2.4% of ZnS04 in a manner
as described in Example 1. The filament bundle
is collected on a drum having a peripheral speed
of 33 m/minute and 1s continuously transferred
through a hot bath 2 m in length and contain-
ing sulfuric acid of 2% strength and subse-
quently through a hot water bat!* 3 m in length, the
filaments being drawn at the rate of 55 m/minute
when treated Iin the baths. The flxed filament
bundle is cut up and then treated in g bath con-
taining a diluted solution of NaaSOi: to produce
curl. The desulfurization eflected thereby ren-
ders the usual desulfurizing stage unnecessary.

Example 7

Viscose contalning 80% of cellulose and 6.5%
of caustic soda with a salt point of 7.3 18 extruded
through a 800/0.08 nozzle into a bath contalning
8.8% of HaS0s, 23.3% of NaaBO4, 6.29% of LISOq,
and 2.0% of ZnSQO4 and kept at 50° C to form
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& 334 denler thread, the length of immersion be-
ing 15 em, The fllament bundle is collected on
& drum having a peripheral speed of 290 m/minute
and is stretched by a second drum having a
peripheral speed of 55 m/minute. Between the
two drums the bundle Iz transferred through a
bath 15 em. in length and containing sulfuric
acld of 2% strength at 90° C. The filaments cut
with or without tension are especially fine-wavy.

Example 8

Viscose containing 7.4% of cellulose and 6.5%
of caustic soda with a ripening polnt of 7.0 is
extruded through a 2500/0.07 nozzle into a bath
containing 8.86% of HaS0s, 24.7T% of Na:S0O4 and
5.7% of Ala(804)3 and kept at 50° C to form a
1.4 denier thread, the length of immersion being
16 em. The bundle of filaments collected at the
rate of 36 m/minute is transferred through a
water bath 2 m in length at 95° C and
stretched therein at the rate of 55 m/minute.
The filaments now entirely consisting of cel-
lulosehydrate are cut and soaked in hot water,
whereby the curl is released. The fiber hag a
tenaclty (dry) of 2.1 grams per denler and an
elongation of 19% and exhibits a good curl.

Example 9

Viscose containing 7.4% of cellulose and 8.5%
of caustic soda with a ripening point of 7.0 is
extruded through a 2560/0.07 nozzle into a bath
contalning 8.5% of HaS04, 24.4% of NaaSOs and
6.2% of MgSO4, to form a 1.4 denjer thread, the
length of immersion being 15 cm. 'The bundle of
filaments collected at the rate of 35 m/minute s
transferred through a water bath 2 m in length
at 95° C and stretched thereln at the rate of
65 m/minute. The bundle now entirely consist-
ing of cellulosehydrate 15 cut up and treated
with hot water to release the difference in ten-
slon.

Example 10

Viscose containing 7.7% of cellulose and 6.5%
of caustic soda with a salt point of 3.75 is ex-
truded through a 2500/0.07 nozzle into a bath con-
talning 6.5% of HaS04, 22.4% of NaaSOs, 6.4% of
KaS04 and 1.99% of ZnSO. and maintained at 20°
C. The bundle of fllaments collected at the rate
of 45 m/minute Is transferred through a bath 1m
in length and containing sulfurlc acid of 2%
strength and then through a water bath 3 m in
length at 95° C, the bundle being stretched at
the rate of 55 m/minute when treated in the
baths. The filaments are then cut up and treat-
ed with water of 80° C.

Exzample 11

Viscose contalning 8.09% of cellulose and 6.6%
of caustic soda with a ripening poilnt of 7% is
extruded through a 2500/0.07 nozzle into a bath
containing 9.2% of HaSO04, 21.5% of NaaSO4, 6.6%
of KaBO4 and 2.1% of ZnSOs, to form s 1.8
denier thread, the length of immersion belng 15
cem. The bundle of filaments collected at the rate
of 45 m/minute is transferred through a hot
water bath 5 m {n length and stretched therein
at the rate of 55 m/minute, The releasing of
the difference in tenslon of the filaments and
the after-treating thereof may be carried out in
a manner as described in any of the foregoing
examples. By the increase In speed of 10 m the
fiber is only slightly curled but obtains a high
coefficient of elongation,
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Ezampie 12

Viscose contalning 7.7% of celltlose and €.5%
of caustic soda with a salt point of T3 is ex-
truded through a 600/0.08 nozzle into s bath
containing 8.2%% HS804, 27.8% of NaxlO: and
2.1 of ZnS0O: and kept at 50° C, to form a 3.75
denier thread, the length of immersion being 15
cm. The bundle of fllaments is collected on a
drum having & peripheral speed of 20 m/minute
and stretched by a second drum having a periph-
eral speed of 55 m/minute. Between the drums
the bundle s transferred through a bath 50 cm.
iIn length and containing sulfuric acld of 2%
strength at a temperature of 70° C and subse-
quently through a water bath 4.80 m in length
and kept at 95° C. The bundle is then treated
with water of 80° C without stretching to re-
lease the difference In tension and ls subse-
quently brought to the several after-treating
baths likewise without stretching, wherein the
treatment is preferably carried out according to
the dipping process.

Erample 13

Viscose containing 7.7% of cellulose and 6.5%
of caustic soda with a salt point of 734 is ex-
truded through a 2500/0.07 nozzle into a hath
containing 11.8% of HaS0s: 12.8% of NazSO.,
£.3% of KaSOs, and 1.9% of ZnSOu to form a 1.8
denier thread, the lengthl of immersion being 10
em. The bundle of filaments is collected an a
drum having a peripheral speed of 32 m/minute
and stretched by a second drum having a periph-
eral speed of 55 m/minute. Between the drums
the fillaments are transferred through a bath 1
m long and containing hot sulfuric acid of 2%
strength and subsegquently through a water bath
5.0 m long and kept at 90° C. After the bundle
has been cut up the curl is produced and the
after-treatment carried out in a manher as de-
scribed in any of the foregoing examples.

A similar curl is obtained if the setting bath
contains only 10.9% of HSOs: instead of 11.8%
and is 15 cm. long instead of 10 cm. The fibers,
however, do not exhibit curl, if 15% or 16% of
HiSO: are used instead of 11.8% in the bath,

Ezample 14

Viscose contalning 7.4% of cellulose and 6.0%
of caustic soda with a ripening point of 6l is
extruded through a yet with 60 holes, each of
0.07 mm diameter into a sefting bath containing
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B.3% of H:80, 20.3% of Na:SOs and 4.2% of
ZnSOa end maintained at 50° C to form a 2 denier
thread, the length of the thread immersed being
15 em. The fllament bundle is collected on a
drum having a peripheral speed of 30 m/minute
and is contlnuously transferred through a bath
1.6 m in length snd consisting of an agueous so-
lution of 1.5% of H28S0s, 2.0% of Na:SO: and
04% of Zn30s: at 80° C, the stretching being
effected by a drum having a peripheral speed of
56 m/minute. A good curl is produced by treat-
ing the continuous thread stlll wet with water of
90° C without stretching.

Erample 15

A curl is not attained if in the modification
described in Example 14 the setting bath com-
taing 9.6% of Ha80s Instead of 8.3%. However,
curl is again produced in this instance, if a yet
with 1200 holes, each of 0.07 mm diameter is used.

The path in open Bir between the actd and
the hot water baths is 4 m in all examples men-
tioned above; however, the paths may also be
shorter or longer, for instance such as 20-50 cm
or 8 m. If necessary,a too long path is compen-
sated by reducing the concentration ¢f acid in
the first path or shortening the path in the bath.

Ezample 16

A copper hydroxide ammonia cellulose solution
containing 9% of cellutose, 10% of ammonia and
5.4% of copper hydroxide is spun through a noz-
zle with 30 holes, each of 0.5 mm diameter into
water in the spinning funnel at 30° C. The fila~
ment bundle leaving the lower end of the funnel
is collected in a trough on a drum, the speed of
which corresponds to that of the bundle extruded.
The trough in which the lower part of the funnel
immerses is filled with water from the funnel
until the drum is below the surface of the ligquid.
The fillament bundle is then transferred over a
second drum non-driven into & further treugh
containing sulfuric acid of 2% strength and a
temperature of 80° C. In this acid trough the
bundle is stretched between two or several motor-
driven drums, the length of immersion being 2 m.
The extent of the stretching thus produced is
25%. The bundie is then cut up and the staple
fibers are subsequently treated {n a bath with
water of 90° C without strefching and allowed
to shrink.
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