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This invention relates to the production of new
and unique crimped, wool-like, regenerated cel-
lulose filaments and fibers, and a new and im-
proved process for obtaining such products.

This application is a continuation-in-part of
my copending applications Serial No. 318,326 and
Serial No. 318,327 filed February 10, 1940, both
‘now abandoned.

It is an object of the present invention to pro-

duce, from viscose, hlghly crimped fibers and fila-

ments of fegenerated cellulose which are char-
acterized by high tensile strength.

It is another object of this invention to pro-
duce, from viscose, crimped, wool-like fibers and
filaments of regenerated cellulose which are en-
tirely new and unigue in character in that the
crimp, after belng removed mechamcallx, f_or
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provide a new and 1mpr0ved process for the spin-
ning of regenerated cellulose filaments and fibers
from viscose solutions and subjecting said fila-
ments and fibers to a relaxing treatment whereby
to impart an intense crimp to said filaments and
fibers, which process comprises the substantially
complete regeneration of the filaments or fibers
prior to the relaxing treatment thereof.

Other objects of the invention will appear here-
inafter.

It is well known that the viscose process for
spinning regenerated cellulose filaments is a
highly critical process. Comparatively slight
variations in the composition of the viscose or
in the composition of the spinning bath will pre-
vent satisfactory spinning. This is clearly evi-
denced by the fact that in commercially useful
processes, the art has found it imperative to stay
within narrow limits with respect to the cellulose
and alkali contents of the viscose and the con-
stituents of the spinning bath.

One of the most important considerations in
the critical balance between viscose composition
and the composition of the spinning bath is what
will here be called the “gel swelling factor.” To
constitute a commercially useful viscose rayon
process, the viscose composition and the sulfuric
acid coagulating bath composition employed must
be so balanced as to permit the production of
regenerated cellulose filaments having a gel swell-
ing factor of 6.5 or less and in most instances
actual commercial spinning processes will employ

conditions which yield filaments exhibiting a gel :
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2
swelling factor which is less than 6.5. The gel
swelling factor of regenerated cellulose filaments
is determined in the following manner:

A viscose of known composition is extruded
through a spinneret into a sulfuric acid coagulat-
ing bath of known composition. The coagulated
filaments, after leaving the bath, are wound in a
single layer on to a bobbin with a helical wind
of narrow pitch in such a manner that successive
windings are very closely spaced. When the bob-
bin contains 2 to 6 grams of wet gel yarn, the
bobbin is removed and rotated on a chuck to
centrifuge off the bath carried with the filaments
on to the bobbin. The acid-wet gel yarn is then
cut from the bobbin and weighed. The whole
operation should be carried out within four min-
utes. The acid-wet gel yarn is washed and then
dried to remove all the water therefrom and the
dry yarn reweighed. The ratio of the weight of
acid-wet gel yarn to the weight of the dry yarn
is termed its “gel swelling factor.”

It is possible for this gel swelling factor to
range from about 3 to about 12, depending upon
the composition of the viscose and of the coagu-
lating bath. For a given viscose composition, a
high concentration of sulfuric acid in the coagu-
lating bath will result in the production of a
regenerated cellulose having a high gel swelling.
factor. If the acidity is gradually decreased (with
the composition of the viscose and coagulating
bath otherwise remaining the same) the gel
swelling factor falls to a minimum and then rises
again with a further decrease in the acidity. The
gel swelling factor at the minimum will be termed
the “minimum gel swelling factor,” and the acid-
ity at this point will be termed the “minimum
gel swelling factor acidity.”

Heretofore the art has arrived at spinning con-
ditions by empirical, trial and error methods. It
is now recognized that the minimum gel swelling
factor and the minimum gel swelling factor
acidity actually play important roles in defining
spinning condition. Thus, for example, for a
given viscose, yarn properties such as tenacity,
elongation, softness, etc., are, as a rule, best when
spinning is done at or near the point of minimum
gel swelling. In accordance with the present in-
vention, in order to produce high strength,

unique, intensely crimped regenerated cellulose
filaments departure must be made from conven-
tional spinning conditions. The definiticn and
establishment of the new conditions required for
the practice of this invention constitutes essen-
tial elements in the provision of a new spinning
process and the products resulting therefrom.
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Viscose-sulfuric acid-salt systems in which the
minimum gel swelling factor of the regenerated
cellulose filaments obtainable therefrom is less
than 6.5 will hereinafter be referred to as bal-
anced viscose-sulfuric acid-salt spinning bath
systems.”

It has now been discovered that high strength,
unique, intensely crimped regenerated cellulose
filaments can be produced by observing the fol-
lowing highly critical combination of conditions:
Spinning filaments in a balanced viscose-sulfuric
acid-salt spinning bath system in which the spin-
ning bath contains zinc sulfate and the sulfuric
acid content of the bath is in accord with the
formula:

_FK(CN)
A"[ 100~ |”
wherein

A is the percentage content by weight of sulfuric
acid in the spinning bath,

K is a factor which may have any value from 1.9
to 2.5,

C is the percentage content by weight of cellulose
in the viscose,

N is the percentage content by weight of caustic
alkali (caleculated as sodium hydroxide) in the
viscose,

z is the percentage content by weight of sulfuric
acid in the coagulating bath which will pro-
duce a regenerated cellulose filament having
the minimum gel swelling factor with the vis-
cose specified by C and N;

imposing on said filament during the spinning
thereof a tension of at least 0.5 gram per denier
and a stretch of at least 40%; and, after sub-
stantially complete regeneration of said filaments,
relaxing the same completely free of all ten-
sion in a liguid which will swell the same. [By
“stretch of at least 40%” is meant a stretch (as
measured between the point where the spun fila-
ments are first converged in the bath, and col-
lecting device) of at least 40% based on its un-
stretched length.] For practical purposes, it is
generally desirable that the coagulating bath have
a temperature of between 40° C. and 75° C, and
preferably that the zine sulfate content of the
bath be from 0.1% to 3%.

The present invention may be more readily un-
derstood by reference to the following detailed
description when taken in connection with the
accompanying illustrations, in which:

Figure 1 is a diagrammatic side elevational
view, with parts shown in perspective, of one em-
bodiment of apparatus suitable for use in ac-
cordance with the invention; .

Figure 2 is a similar diagrammatic view show-
ing another emhodiment of apparatus for use in
accordance with the invention;

Figure 3 is a typical gel swelling factor curve.

Referring to Figure 1 of the drawings, reference
numeral |{ designates a conduit line for a vis-
cose filament-forming composition which is con-
nected to any suitable source of supply, the con-
duit I is connected to a candle filter 12 and the
candle filter 12 is connected to a spinneret {4 by
means of “gooseneck” 3. The viscose solution
is extruded through the spinneret 14 to form fila~
ments 15. A bundle of filaments is passed over
the fixed convergence guide {6, and thence about
roller guides 7 and take-off guide i18. From
guide 8, the yarn is passed about feedwheel 19
which feeds the yarn through two vertically
spaced sleeve guides 21 and 23. If desired, a liquid
may be passed through the two sleeve guides,
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thereby to continuously force the yarn through
said guides. A rotatable cutter knife 25 may be
positioned rotatably between the two sleeve guides
21 and 23, thereby cutting the yarn into small
staple lengths. The cutter knife is mounted on
a stub shaft 27 and is adapted to be rotated by
means of a driven belt, as shown. The staple
fibers 28 drop into a relaxing fluid 29 where they
are completely free from all tension and will be
quickly erimped along the length thereof.

Referring to Figure 2 of the drawings, the yarn
15 composed of freshly spun filaments is passed
from the spinneret 14 about fixed convergence
guide 16, then through a long bath tank {1 to a
take-off guide 18. The yarn is then passed about
draw-off rollers 30 and 32 which are of sufficient
size to provide a surface area of sufficient extent
to eliminate any material slippage of the yarn.
The yarn is then passed from draw-off roller 32
about guide roller 33 and then about stretching
rollers 35 and 31. The yarn passes about rollers
35 and 37 a number of times to eliminate any
possibility of slippage of the yarn. Between draw-
off roller 32 and guide roller 33, the yarn is sub-
jected to treatment with a stretching bath 42,
passed on to the yarn by means of conduit 40.
The stretching bath will be described with par-
ticularity hereinafter. 'The draw-off rollers and
stretching rollers are positively driven to impart
a portion of the tension and stretch on the yarn
between the guide 16 and the roller 30, and a
portion between the roller 30 and the roller 35.

The apparatus shown in Figure 2 is particu-
larly useful in such instances where the re-
quisite tension and stretch cannot be imposed on
the filaments solely in their travel through the
spinning bath. It has been found that when
such filaments are passed into contact with a
stretching bath, the requisite tension and stretch
can be imposed on the yarn during the spinning
thereof.

Figure 3 of the drawings discloses a typical gel
swelling factor curve for a viscose of a given
composition. From this curve, it will be noted
that when the acidity of the bath in per cent
by weight of sulfuric acid is 12%, the gel swell-
ing factor of the yarn will be slightly under 9.0.
When the acidity of the bath is reduced to 11%,
the gel swelling factor lies between 5.0 and 6.0.
When the acidity is further reduced to 10%, the
gel swelling factor drops between 3.0 and 4.0.
With an acidity between 8% and 9%, the gel
swelling factor has dropped to a minimum value
of 3.0. Further reduction in the acidity of the
coagulation bath will cause the gel swelling fac-
tor of the yarn to rise again in accordance with
the contour of the curve shown in the drawing.

In its broad scope the process of the present
invention is operative and useful with any bal-
anced viscose-sulfuric acid-salt spinning bath
system. A number of specific, detailed processes
have been operated to good effect.

By way of illustration there will now be dis-
cussed three subgeneric embodiments of the
broad concept which describe conditions particu-
larly applicable when filaments are to be spun
from the more common commercial viscose com=-
positions. The first one has reference to the

spinning of viscose having an alkali content of at
least 5%, with or without the use of a secondary
stretching bath. The second is concerned with
systems using viscose of less than 5% alkali con-
tent in which a secondary stretching bath is used
following the initial, substantially complete, co-
agulation and regeneration in a primary sulfuric
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acid-salt bath. The third is concerned also with
the use of viscose having less than 5% alkali, and
‘spun in a single coagulating and regenerating
bath, said viscose being modified by addition of
a small amount of a salt of an amphoteric metal.

In accordance with the first subgeneric pro-
cess of the present invention in which the viscose
contains at least 5% alkali, the unique, crimped
‘regenerated cellulose filaments may be obtained
by observing the following relationship factors:

1. The viscose composition must have a salt in-
dex (as determined by Reinthaler-Rowe, “Ar-
tificial Silk,” 1928, page 69) of between 1.5
and 6.

2. The coagulating and regenerating bath must
have a sulfuric acid content of between 6.5%
and 9.5%. -

3. The coagulating and regenerating bath must
have a sodium sulfate content of between 15%
and 30%.

. The coagulating and regenerating bath must
have a zinc sulfate content of between 0.1%

- and 3%.

5. The filaments must travel at least 50 inches
in the coagulating and regenerating bath.

6. The temperature of the coagulating and re-
generating bath must be between 40° C. and
75° C.

7. The temperature of the relaxing bath must be
between 20° C. and 120° C.

8. Imposing on the filaments, during the spin-
ning thereof, a tension of at least 0.5 gram per
denier and a stretch of at least 40%, and after
substantially complete regeneration of the fil-
aments, relaxing the same completely free of
all tension in a liquid which will swell the
same.

In addition to the above-mentioned ingredi-
ents of the coagulating bath, it is permissible to
have present as much as 6% or 7% glucose or
similar organic substances well known in the art.
The presence of glucose in the spinning bath is
not an essential feature of this process, but may
be desirable, particularly when continuous fila-
ment yarn is produced. As a guide to the pro-
portion of glucose used, it may be said that 2%
of glucose can replace approximately 1% of so-
dium sulfate.

In accordance with the above detailed process
the specifically enumerated factors are all inter-
.dependent and must be adjusted in relation to
one another in order to obtain the desired result,
i. e., a satisfactory crimp.

It is, of course, understood that relaxing of ‘

the filaments in an aqueous medium completely
free of all tension is absolutely essential, no mat-
ter what variations may be introduced in the
other conditions. It is also essential that the
tension on the filaments during the spinning (in-
cluding stretching) be at least 0.5 gram per de-
nier, and that a stretch of at least 40% be placed
on the filaments. For each of the factors enu-
merated above, the range within which the proc-

© ess may be successfully operated has been indi-

cated but it will be apparent at once, to one
- skilled in the art, that, if any one of the factors
- is set at or near the extreme lower or upper limit
of its particular range, other factors may have to
be adjusted in order to obtain the best results.
To illustrate, if the acid content of the coagulat-
ing bath is 6.5% (the lowest limit of the range),
it is desirable to adjust some of the other factors
- to restore the balance of the conditions; i. e,
in the case illustrated, neither the sodium sul-
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fate nor the zinc sulfate contents of the coagu-
lating bath can be the lowest permissible but are
preferably increased to, for example, 19% and
2.5% respectively, and likewise the bath tem-
perature should be raised to about 55° C

For all the important variables, the ranse
within which the process is operable has been in-
dicated above. In view of the present detailed
disclosure anyone skilled in the art will readily
be able to adjust the conditions in relationship
to one another so as to obtain excellent resuilts.

For the purpose of making this process more
readily understandable, the following table will
be useful to show both the operable ranges and
the “median” ranges. The median ranges com-
prise those ranges within which any one factor
can be varied at will without necessitating a
change in the other factors.

Operable Range | Median Range

Alkali content of viscose .-.—-—
Salt index of viscose

Acid content of the bath..._..
Sodium sulfate in the bath..__
Zinc sulfate in the bath__
Length of bath travel.
Spinning tension..._._
T%mli{eratme of coagulatmg 40-75° C

at]
Temperature of relaxing bath...

5.75-6. 25%

Over [T/
1.5-6

_i Over 75 inches,
Over 0.5 g. p. d.
50-60° C.

20-120° C_______.

60-100° C.

Although no definite rules can be given for
making all necessary adjustments permitting one
to use conditions outside the median ranges but
still within the operable range, it can be said,
in general, that except for the alkali content of
the viscose, the selection of one relationship
factor outside the median range requires that all
other factors be within this range. In the case
of a change in the alkali content of the viscose,
I have found that the most important other
variable requiring adjustment is the acid content
of the coagulating and regenerating bath. This
can be done readily by using the general formula

_[E(CN)
100 J°

discussed above, I have found as an empirical
rule that, over the operable ranges shown, a 1%
increase in alkali content of the viscose is ap-
proximately compensated for by a 12% increase
in the acid content of the coagulating and re-
generating bath.

As above stated, it is essential in accordance
with this invention that a tension of at least
0.5 gram per denier and a stretch of at least
409% be. imposed on the filaments during the
spinning thereof. The tension and stretch im-
posed on the filaments may, of course, greafly
exceed that above specified. Any tension or
streteh under that which will break the filaments
may be used in accordance with the present in-
vention. This tension and stretch must be im-
posed on the filaments during the coagulation
and regeneration thereof when operating without
a stretching bath as shown diagrammatically in
Figure 1 of the drawings. In some instances,
however, it may he impossible to impose that
amount of streteh and tension without the use of
a stretehing bath. Under such circumstances, an
arrangement as shown in Figure 2 of the draw-
ings may be used. In the latter case, the requisite
stretch and tension are partially imposed on the
filaments during their passage through the co-
agulation and regeneration both and partially
imposed thereon during their passage through
the stretching bath.
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The path of the filaments through the coagu-
lating and regenerating bath liquor must be
sufficiently long to substantially complete the
regeneration thereof while in said bath. How-
ever, if the stretching bath is capable of re-
generation due to heat or content of acid, the
regeneration of the filaménts may be completed
in this bath. For the purposes of the present
specification and claims the spinning of the
filaments shall include the passage of the fila-
ments through the stretching bath if a stretch-
ing bath is employed.

When a stretching bath is used in accordance
with the present invention, it must follow the
coagulating bath and the yarn must be passed
through the same with a continuation of ten-
sion and stretching begun in the coagulating
bath. The degree to which the filaments are
streteched or tensioned in the coagulating bath
may be approximately the same as the degree
to which they are stretched or tensioned in the
stretching bath. Under some circumstances, it
may be desirable to stretch and tension the fila-
ments to a greater degree in the coagulating bath
than in the stretehing bath. TUnder other cir-
cumstances, it may be desirable to impose a
greater degree of stretch and tension on the fila-
ments in the stretching bath than in the coagu-
lating bath. The stretching bath should prefer-
ably have a temperature of between about 50° C.
and the boiling point thereof. The stretching
bath should be composed of a non-alkaline,
aqueous liquid preferably containing not to ex-
ceed that geidity equivalent to 3% sulfuric acid.
This bath is preferably composed of water.

The relaxing bath may be composed of any
liquid which is capable of swelling the cellulose
filamesnts. Since the filaments will be substan-
tially regenerated by the time they are subjected
to relaxation in the relaxing bath, the latter will
have substantially no regenerating action on the
filaments. The relaxing bath preferably com-
prises water and it may be acidic, neutral, or
alkaline. The relaxing bath may contain an acid
or a sa2lt such as calcium chloride, sodium thio-
cyanate, calcium thiocyanate or the like. Such
salts will often impart a particularly desired
swelling action to the filaments whereby crimping
takes place in a particularly desirable manner.
Such relaxing baths may also contain purifica-
tion agents such as sodium carbonate, caustic
soda and the like, which may, similarly to the
above-mentioned salts, also have a desirable
swelling action on the filaments. A particularly
desirable relaxing bath comprises 3.5% aqueous
solution of caustic soda. The temperature of the
relaxing bath may vary widely as this is not
critical. Particularly good results, however, are
obtained with a 3.5% caustic soda relaxing hath
having a temperature of about 35° C. The relax-
ing bath may comprise or consist of organic
liquids such as glycerol if the latter is used at a
temperature of the order of 120° C., at which tem-
perature glycerol is found to.swell regenerated
cellulose filaments. Regenerated cellulose fila-
ments may be relaxed in a bath consisting of an—~
hydrous liquid ammenia since the latter is capable
of swelling cellulose. Whatever the composition
and temperature of the relaxing bath may be, the
filaments must be allowed to rest in the relaxing
bath free of all tension so that they may swell
as compietely as possible in the liquid medium.
The greater the swelling action on the filaments
during relaxation, the more desirable the relaxing
bath. The filaments may be passed directly to
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the relaxing bath from the stretching bath in the
form of continuous filaments or staple fibers.
Alternatively, the filaments passing from the
stretching bath may be collected in any desired
manner, for example on a bobbin in accordance
with the bobbin spinning process, in a bucket cake
in accordance with the bucket spinning process,
or loosely in a container therefor. The product
may be washed acid free, desulfured and/or
bleached prior to the time it is immersed in the
relaxing bath or it may be relaxed while in the
acid state and then washed, desulfured and/or
bleached after crimping has been accomplished.
If the product is crimped before the acid is re-
moved, hot water must be used as a relaxing agent
and such agents as 3.5% caustic cannot be used.
However, if the acid is removed before crimping,
then either hot water or a caustic relaxing bath
may be used.

As above set forth, it is essential that the fila~
ments be completely relaxed so that they are free
to shrink to the maximum extent. Probably the
best method of securing such complete relaxation
is to immerse the skeins or staple in the relaxing
bath, making sure that there is ample room for
the fibers to crimp freely and shrink. If the fila-
ments are not fres from all tension, as for ex-
ample, when they are allowed to relax only par-
tially in a wash and bleach machine by hanging
skeins on a rod under the weight of a large
amount of liguid, the results are found to be
unsatisfactory. This time of immersion of the
filaments in the relaxing bath is not critical.
Under the proper conditions of relaxation, the
crimp will be formed in the fibers in the relaxing
bath practically instantaneously. It was con-
sidered unexpected and surprising that yarns
spun under the above described conditions would
develop crimp on relaxing in a swelling medium
after the yarn had bkeen subjected to washing
treatments and other purification treatments,
and even after the yarn had been dried prior to
relaxation.

This first embodiment of the invention is speci-
fically illustrated in Examples I-XII inclusive.

In accordance with the second subgeneric em-
bodiment of the invention, which applied more
particularly to viscose containing from 3.59% to
59, alkali, the following conditions will produce
an excellent grade of crimped fibers having unique
characteristics desscribed in detail later on:

1. The viscose solution must have a salt index
(as determin=d by Reinthaler-Rowe, “Artifi-
cial Silk,” 1928, page 69) of between 1.5 and 6.

2. The coagulating and regenerating bath must
have a sulfuric acid content of between 3.5%
and 6.5%.

3. The coagulating and regenerating bath must
have a sodium sulfate content of between 189,
and 30%.

4. The coagulating and regenerating bath must

*  have a zine sulfate content of between 0.1%
and 25%.

5, The filaments must have a travel of at least
50 inches in the coagulating and regenerating
bath.

6. There must be a total spinning tension on
the filaments in the coagulating and regen-
erating bath and in the secondary stretching
bath of at least 0.5 gram per denier and a
total stretch of at least 409%.

7. The temperature of the coagulating bath
must be between 40° C. and 75° C.

8. The temperature of the secondary stretching
bath must be between 50° C. and 100° C,
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9. The temperature of the relaxing bath must
between 0° C. and 120° C.

10. The relaxing bath is preferably a liquid hav-
ing a stronger swelling action on the fila-
ments than water, for example 1%-5% so-
dium hydroxide solution.

The use of a secondary stretching bath is essen-
tial in this second embodiment of the invention.
What has been said of the stretching bath in
connection with the first embodiment, where its
use is optional, applies equally well here. The
conditions of relaxation are also the same, except
that in this ecase it is specially desirable that the
stretehing bath have a positive swelling action on
the filaments. The relaxing bath is preferably
a dilute (19%-5%) solution of caustic alkali.

As in the case of viscose containing more than
5% alkali, the following table will be useful to
show both the operable and “median” ranges in
this second embodiment:

Operable Range | Median Rango

Alkali content of viscose 3.5-5%,... 3.75-4.249,.
Salt index of viseose._.___...__ 1.5-6. .. 3.5-5.5.
Acid content of spinning bath_| 3.5-6.5%__._.____ 3.75-4.5%,
So}glittxl?] sulfate in spinning | 18-80%. ... 19-259,.

ath.,
Zinc sulfate in spinning bath. | 0.1-2.5%__.__.___ 0.85-1.5%,.
Total travel in both baths_._..| Over 50 inches. .| Over 75 inches.
Total spinning tension___..___| Over 0.5g.p. d__| Over 0.5 g. p. d.

Temperature of primary bath_| 40-75° C_________ 50~60° C.

T%mt%erature of stretching | 50-100° C.._.___ 60-100° C
ath.
Temperature of relaxing bath._| 0-120° C_________ 60-100° C.

With regard to the temperature of the relaxing
bath, it is generally desirable to employ lower
relaxing bath temperatures with dilute caustic
relaxing baths than when water is used. For
example, a relaxing bath containing 3.5% caustic
soda operates particularly well at 35° C.

As in the first subgeneric embodiment, the most
important bath variable is the acidity, and this
can readily be adjusted by means of the general
formula discussed above.

This embodiment of the invention is specifically
illustrated in Examples XIII and XIV.

In accordance with the third subgeneric process
of the present invention, which is particularly
useful where a low alkali (between 3.5% and 5%)
viscose is employed and where the use of a single
bath is preferred, the following relationship
factors, if observed, will produce a particularly
desirable crimped yarn:

1. The viscose solution must have a salt index
(as determined by Reinthaler-Rowe, “Artificial
Silk,” 1928, page 69) of between 1.5 and 6.

2. The viscose solution must contain between
0.01% and 1% of a viscose-dispersible salt of
a metal whose hydroxide is amphoteriec.

3. The coagulating and regenerating bath must

have a sulfuric acid content of between 4%

and 6%. .

4. The coagulating and regenerating bath must
have a sodium sulfate content of between 18%
and 30%. ,

5. The coagulating and regenerating bath must
have a zinc sulfate content of between 0.1%
and 2.5%.

6. The filaments must have a travel of at least
50 inches in the coagulating and regenerating
bath. ] ’

7. The spinning tension on the filaments in the
coagulating and regenerating bath must be at
least 0.5 gram per denier and the filaments
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during spinning must be stretched at least
40%.
8. The temperature of the coagulating bath must
be between 40° C, and 75° C.
9. The temperature of the relaxing bath must be
between 20° C. and 120° C.

Water-soluble salts of the following metals,
whose hydroxides are amphoteric, are viscose-
dispersible and have been added to viscose in
accordance with the present invention and are
known to be operative: zinc, antimony, beryllium,
aluminum, cadmium, chromium, lead, iron, cop-
per, cobalt, bismuth, and tin. Water-soluble
salts of nickel are also found to be operative for
this purpose. Although the amphoteric proper-
ties of nickel hydroxide are not clearly estab-
lished, the latter is considered to be amphoteric
in view of its close relationship to iron and
cobalt and, therefore, for the purposes of the
present invention, it shall be considered as being
included in the above-mentioned generic group-
ing.

The viscose-dispersible salts may be added at
any convenient stage before spinning. They are
preferably added prior to the final stages of
ripening of the viscose. The salt is preferably
added in quantities between 0.01% and 1%, based
on the weight of the viscose. The word “viscose”
when used herein has its usual meaning of the
total solution of cellulose xanthate in aqueous
alkali.

The following table will be useful to show both
the operable and median ranges when a viscose
containing 3.5% to 5% alkali and modified with
a salt of an amphoteric metal is used:

Operable Range | Median Range

Alkali content of viscose______. 3.5-5%. « cocmeeo| 3.75-4.25%.
Salt index of viscose 1.5-6 3.5-5.5.
Metal salt content of viscose... - .1-0.5%.
Acid content of spinning bath__| 4.0-6.0%_________ 4.0-5.09%,.
Sogiltl}?l sulfate in spinning | 18-30%_ - _.____ 19-25%,.
ath.,
Zinc sulfate in spinning bath._.| 0.1-2.5%_________ 0.85-1.5%.

Tength of bath travel _________
Spinning tension._.__.._.______
Temperature of spinning bath_
Temperature of relaxing bath_.

Over 50 inches_.
Over0.5g.p.d._
40~75° C____

Over 75 inches.
Over 0.5g. p. d.
50-60° C

~| 60-100° C.

Here again, the bath acidity may be adjusted
according to the general formula previously laid
down.

Some of the metals disclosed above and in the
Examples are less satisfactory than others, either
because they do not produce as high or durable
a crimp, or because they impart color to the
finished filament. Nevertheless, they are all
operable in the process of this invention and
they all come within its scope. The salts suitable
for this process include salts of inorganic acid
(e. g., sulfuric or nifric acids) and organic acids
(e. g., acetic or propionic acids). Sulfates are
in general preferred since they introduce no
extraneous ions in the coagulating bath.

This embodiment of the invention is specifical-
1y illustrated in Examples XV and XVI,

Crimped yarns or fibers made in accordance
with the present invention may be produced in
filament deniers ranging from 1 to 15, or even
higher. A decrease in filament denier, other
conditions being equal, seems to favor a slight
increase in the degree of crimp obtained.

The following examples which are not to be
considered limitative of the present invention
illustrate in detail specific steps by which the
present invention may be carried ouf.
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Ezample 1

A commercial type of viscose made from cot-
ton linters and containing 7% cellulose and 6%
alkali is spun at a sodium chloride index of 4.0,
using a precious metal spinneret and an aqueous
regenerating bath comprising 8.00% sulfuric
acid, 19% sodium sulfate and 1.5% zinc sulfate
at a temperature of 55° C. The thread formed
in this manner is made to pass around roller
guides in the spinning bath to develop tension
and the bath travel used is approximately 130
inches at a spinning speed of approximately 2500
inches per minute. The tension on the thread
at the point of its emergence from the bath is
approximately 1 gram per denier, and the fila-
ments are of approximately 3.75 denier each.
The thread is wound on a bobbin and then cut
into length of about 2% inches after which it
is dropped into a bath of water heafed to 80°
C. to 90° C. In the hot water, the staple fiber
spontaneously crimps and retains this crimped
form substantially unchanged through the steps
of washing and drying which follow. If, after
repeatedly tensioning the staple fibers to gradu-
ally work the crimp out of the same, they are
placed in a swelling liquid in a completely re-
laxed state, the crimp is instantaneously restored.

Example II

Viscose thread is spun exactly as in Example I
except that the thread is not cut into staple but
washed on the bobbin, twisted (4 turns per inch)
while maintained in a wet condition and after-
wards relaxed in a bath of hot water in the form
of loose skeins. Other modifications based on
the production of continuous filament, crimped
yarn by this invention include relaxing of the
yarn in an untwisted condition, and drying of
the yarn on the bobbin before subjecting it to
the relaxing treatment.

Example I11

Viscose similar to that used in Example I is
spun into a bath containing 8.5% sulfuric acid,
19% sodium sulfate, 0.85% zinc sulfate and 4%
glucose. The temperature of the bath is 45° C.
with a tension on the thread of 0.5 gram per
denier. Bath travel, spinning speeds and other
conditions are similar to those given in Example
I. The fiber produced in this way is almost
equally as well crimped as that obtained from
Example 1.

Example IV

Viscose similar to that used in Example I is
spun as before under tension of about 1 gram
per denier into a regenerating bath containing
8.25% sulfuric acid, 19% sodium sulfate and
0.85% zinc sulfate. The crimped fiber produced
by relaxing the cuf staple in water is exactly the
same as that obtained in Example I.

Example V

Viscose similar to that used in Example I is
spun into fibers of 1.5 denier each at a tension
of 0.5 gram per denier per filament using a re-
generating bath comprising 8.5% sulfuric acid,
23% sodium sulfate, and 0.85% zinc sulfate at 2
temperature of 55° C. The resulting crimped
fibers are exceedingly soft and have a pleasing,
loose, full hand similar to that of wool.

Example VI

Viscose made from a good grade of wood pulp
and having approximately the same composition
as regards cellulose and alkali content ags that
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used in Example I is spun in a manner similar
to that of Example I. The relaxed fibers are
equally well crimped as those of Example 1.

Example VII

Cotton linters viscose similar to that of Ex-
ample I is ripened to a salt index of 1.9 and spun
into a coagulating bath under conditions of long
bath travel (130 inches) and high tension (0.9
gram per denier). The regenerating bath used
in this case contains 7.5% sulfuric acid, 19%
sodium sulfate and 1.5% zinc sulfate. The re-
sulting fibers, although not as well crimped as
those produced in Example I, probably because
of the low salt index viscose used, are neverthe-
less quite curly and crimped and wool-like in
general appearance and hand.

Example VIII

Viscose similar to that of Example I is spun at
a salt index of 5.4 using a regenerating bath
containing 8.5% sulfuric acid, 19% sodium sul-
fate and 1.5% zinc sulfate. The tension, bath
travel and method of relaxing the yarn are sim-
ilar to those of Example I. The product is also
similar to that of Example I.

Example IX

Viscose similar to that of Example I except
that it is not permitted to ripen to the same ex-
tent and therefore has an index of 5.4 instead of
4.0 is spun under a tension of 1 gram per denier
into a coagulating and regenerating bath con-
taining 9.5% sulfuric acid, 19% sodium sulfate
and 2.5% zinc sulfate at a temperature of 55°
C. The bath travel, spinning speed and other
conditions used are the same as in Example I.
The product, after relaxing in hot water, is
crimped and wool-like in appearance,

Ezxzample X

Viscose similar to that of Example I is spun
into a bath containing 6.75% sulfuric acid, 15%

‘sodium sulfate, 1.5% zinc sulfate at a tempera-

ture of 45° C. The spinning tension is 0.75 gram
per denier, but the other conditions, including
bath travel and spinning speed are the same as
in Example 1. On relaxing the product in hot
water, highly crimped fibers similar to those
from Example I are obtained.

Ezxzample XI

Viscose similar to that of Example I is spun
under g tension of 1 gram-per denier into a bath
containing 9% sulfuric acid, 30% sodium sulfate
and 0.85% zinc sulfate. Other details of the
spinning procedure and method of relaxing the
yarn in water are the same as those in Example
I. The product is also similar to that of Ex-
ample I.

Example XII

Viscose similar to that of Example I is spun
into a bath containing 8% sulfuric acid, 23% so-~
dium sulfate, 0.85% zinc sulfate and 4% glucose.
Other details of the spinning procedure and
method of relaxing the yarn are similar to those
of Example I. The product is obtained in the
form of highly crimped fibers also similar to
those of Example I.

Exzample XIII

A commercial type of viscose containing 7%
cellulose and 4% alkali, and having a salt index
of 42 (Reinthaler-Rowe) is spun through a
precious metal spinneret in an aqueous coagu-
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lating and regenerating bath comprising 4% sul-
furic acid, 25% sodium sulfate and 1% zinc sul-
fate and having a temperature of 52° C. The
yarn formed in this manner is made to pass about

14
into an aqueous solution containing 3.5% caustic
at a temperature of 35° C. In this relaxing bath,
the staple fibers are spontaneously crimped and
retain this crimped form substantially un-

a convergence guide located 171 inches from 5 changed through the steps of washing and dry-
the spinneret and around roller guides in the ing which follow. If, after repeatedly tensioning
spinning bath to develop tension. The yarn the staple fibers to work the crimp gradually
travels in this bath a total of 240 inches from out of the same, they are placed in a liquid in a
the convergence guide to the draw-off roller. completely relaxed state, the crimp is spontane-
The tension on the yarn at the draw-off roller is 10 ously restored.
0.23 gram per denier, which results in a stretch Ezample XV
in the yarn, from the conversence SUde 10 S 4 viswose containing 17 celluose snd 4%
into a second bath composed of water at 60° C. alkali is prepared in a convc?ntlonal manner from
from which it is withdrawn by another draw-off 15 W00d Pulp, except that during the mixing of the
roller. A tension of 0.67 gram per denier is ap- cellulose ganthate with water, prior tp ripening,
plied to the yarn at this draw-off roller, result-  0:1% of zinc sulfate (based on the weight of the
ing in a stretch in the water bath of 24.2%. The viscose) is added to the solution. The resulting
total stretch, therefore, which is applied to the dispersion is ripened to a salt index of 4.4 and
yarn, is 69.8%. The yarn so produced is com- 20 ’phen forced throw_ugh a precious r'n_etal spinneret
posed of 1200 filaments of 5.5 denier each. The into a regenerating bath comprising 4.6% sul-
yarn is wound on a bobbin and then cut into furic acid, 25% sogimm sulfate,_and 0.859% zine
lengths of about 2% inches, after which it is sulfate.. The precious metal spinneret contal‘ns
dropped into an aqueous solution containing 40 openings of such a size as to.form 150 denier
3.5% caustic soda at a temperature of 35° C. In g5 @hread. The total_ bath trayel in thgs coagulat-
this relaxing bath, the staple fibers are spon- ing and regenerating bath is approximately 130
taneously crimped and retain this crimped form inches, and the spinning tension on the thread
substantially unchanged through the steps of 1S abproximately 0.9 gram per denier. This long
washing and drying which follow. If, after re-  Path travel and high tension are obtained by
peatedly tensioning the staple fibers to work the 30 ?hetﬁls?o ogha sgltﬁble sytsiteng gftgu}des 9}‘nd rolgers
crimp gradually out of the same, they are placed ulll € batl w 1‘; are a aptre; to IMPary & gradi-
in a liquid in a completely relaxed state, the ally increasing tension on the hregd. O'I‘he tem-
is instantaneously restored. peraturg of the coagulating !oath is ?5 C.. The
cramp 18 ¥ thread is collected on a bobbin and, immediately
Ezample XIV 35 after collection, is‘cut from the l?obbin into
A commercial type of viscose containing 7% }engths of about 2 inches and permltfed to fall
cellulose and 49% alkali, and having a salt index ntltf’k?‘ ba‘t&(’f Waé:er hsgtecil_’;o about 90 tC Upoln
of 4.8 (Reinthaler-Rowe) is spun through a zrli.iniangto ae vaf‘ EII';I a,rk?a d ;:;ist Sa!;ﬁ;l ?;Zcx);llls)li
precious metal spinneret in an adqueous coagu- wool in appearasrlxce. The crimp is durable and
lating and regenerating bath comprising 3.98% 40 occiontto washing.
sulfuric acid, 25.1% sodium sulfate and 1.48%
zinc sulfate and having a temperature of 52° C. Ezample XVI
The yarn formed in this manner is made to pass To viscose similar in cellulose and alkali con-
about a convergence guide and around roller tent to that used in Example XV is added 0.1%
guides in the spinning bath to develop tension. 4 copper sulfate based on the weight of the total
The yarn travels in this bath a total of 215 inches ~ Viscose solution. This viscose is ripened to an
from the convergence guide to the draw-off roller. ~ index 4.0 and spun under a tension of 1.1 grams
The tension on the yarn at the draw-off roller is ~ Fer denier info a coagulating and regenerating
0.25 gram per denier, which results in a stretch g bath containing 4.6% Sulf‘j“_c acld, 25% SOd“_lm
in the yarn from the convergence guide to the sulfate and 0.85% zinc suliate. The bath travgl,
draw-off roller of 21.8%. The yarn is then led Eemper?tgg Of,;.ﬁe bath, etcaare dt]ge s;me is n
: o R xample . e varn produced is of a green-
;?f;?nawfiz%ng; ?:%&%?:;;e%yo;&i;e; ?raex?v—c% ish-brown color. Upon relaxing this yarn in hot
ol Unon of 05 gram Dt GETIGE 15 80 55 * Fepthe iy soomeeone whs B pes
plied t(; tl;eﬁra'rn 24;1 this %rawl;oglmlfleg% 1;/35111;%33 kodiment of the invention, excellently crimped
in a stretch I the water bath O 0. € yarns can be obtained by spinning viscose under
total stretch, therefore, which is applied to the the conditions summarized in the table below,
yarn is 64.5%. The yarn produced is composed the bath travel being in all cases approximately
of 1800 filaments of 3.0 denier each. The yarn 60 130 inches and the bath temperature 55° C.:
Cellulose Alkali L Salt " g 3 .
co;ggg:eof co\?igig:e()f Metal Salt in viscose I%(;ggsgf iEzt?aoth }:Tlaf)ztoﬁ i%lnba?ﬁ Tension
Per cent | Percent | Percent | Q. p.d.
7 4 4.4 . 25 0.85 1.0
7 4 4.0 4.75 2% 0.85 1.1
7 4 4.0 4,50 25 0.85 1.0
7 4 4.0 4.6 2 0.85 1.1
7 3.5 5.5 4.0 30 0.85 0.8
7 5 4.0 6.0 18 0.85 0.9

is wound on a bobbin and then cut into lengths
of about 2% inches, after which it is dropped

The value of the general formula

_[(EKC.N)
A—[ TR
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will be apparent by consideration of the follow-
ing table, which indicates the minimum gel swell-
ing acidity and the acidity range within which
maximum crimp is obtained for the various vis-
cose compositions used in several of the ex-
amples.

&

16
over and produce a crimped effect. For this rea-
son, use is made of the high spinning tensions
which are a fundamental feature of the present
invention. A proper balance between the above
described relationship factors is considered to be
essential since only under such selected condi-

Viscose Characteristics Spinning Bath Characteristics System Characteristics
Example (A) Spin-
Cellulose | Caustic Index Tem H3S04 | NaS0z | ZaS0Q4 | Glucose [(X) MGS|ning acidity
Conc. Cone. € p- Conc. Cone. Conc, Cone. Acidity | range as
calculated
Per Cent | Per Cent °C. Per Cent | Per Cent | Per Cent | Per Cent | Per Cent] Per Cent
7 6 4.0 (L 55 8.0 19 L5 9.0 7.1-9.2
7 6 4.0 55 8.0 19 1.5 9.0 7.1-9.2
7 6 4.0 45 8.5 19 0.85 9.3 7.5-9.7
7 6 4.0 55 8.25 19 0.85 9.4 7.5-9.8
7 6 4.0 55 8.5 23 0.85 9.2 7.4-9.6
7 6 4.0 55 8.0 19 L5 9.0 7.1-9.2
7 6 1.9 55 7.5 19 L5 8.3 6.7-8.7
7 6 5.4 55 8.5 19 1.5 8.75 7.0-9.1
7 6 5.4 55 9.5 19 2.5 9.75 7.8-10.2
7 6 4.0 45 6.75 15 1.5 7.8 6.8-8.2
7 6 4.0 b5 9.0 30 0.85 10.8 8.6-11.3
7 [} 4.0 55 8.0 23 0.85 9.2 7.4-9.6
7 4 4.2 52 4.0 25 1.0 6.8 3.64.7
7 4 4.8 52 3.98 25.1 1.48 6.6 3.5-4.6
7 4 4.4 55 4.6 25 0.85 6.6 3.5-4.62
7 4 4.0 55 4.6 25 0.85 6.2 3.5-4.6
2.5 (C) (N)
Max. A 100 X
Min. =22 (O ) 5

The variation in the range is explained by the fact that some systems have very flat minimum gel swelling curves near the minimum gel

swelling point.

The crimped fibers produced by this process
are entirely new and different in character from
previously known crimped fibers. They are char-
acterized by unique and outstanding properties
not found in the crimped fibers produced hereto«
fore. One of these entirely new and unexpected
properties lies in the fact that the crimp, after
being removed through stretching, combing, or
other mechanical treatment, is substantially
completely restored to the fiber simply by sus-
pending it in water, or other agueous liquid, in
the absence of tension. 'The crimp regain is
practically instantaneous, whether the fiber
treated be in the form of staple or of continuous
filaments. It can be readily demonstrated by
manually stretching, or repeatedly combing a
sample of crimped fiber so as to destroy its crimp,
then immersing the sample in water, whereupon
it at once crinkles and crimps to give the original
structure. This surprising property is, of course,
of great importance in the industrial processes
to which the fibers may be subjected. For ex-
ample, carding usually destroys, at least partly,
the crimp in an ordinary crimped fiber. Fibers
made by this process, however, may be carded
and afterward immersed in water, whereby the
original crimp is restored completely or substan-
tially so. No previously known crimped regen-
erated cellulose fibers even remotely possess this
remarkable characteristic.

It is theorized that the production of crimped
high tenacity fibers according to this invention is
possible primarily by reason of the fact that dur-
ing spinning there is formed in individual fila-
ments a certain kind of non-uniformity with re-
spect to the orlentatxon of the cellulose compris-

ing the edges or. out51de boundary of the filament
amt comprlsmg the mt;ermx

as com_pua‘ d w1t”

permltted to shrink freely, the different layers
of regenerated cellulose do not shrink to the same
extent and the fibers tend spontaneously to fold
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tions is the rate of penetration of acid into the
thread such that a good dilferentiation cail be
obtained hetween the degree of orientation of
fiber, wall and fiber core. There IS a possibility
that differences in the fiber structure (density
and degree of orientation) occur across the fila-
ment which ultimately cause the fiber to crimp
when relaxed. The foregoing theoretical discus-
sion is not, however, to be construed as limiting
the process of this invention.

The high tenacity crimped fibers which may
be obtained as a result of the present invention
are characterized by filament strength of from
2.25 to over 3 grams per denier dry tenacity, and
from 1.25 to over 2 grams per denier wet tenacity.
The dry extensibilities, after straightening the
crimp therefrom, for threads formed in accord-
ance with the present invention are of the order
of 10% to 20%, depending on the spinning ten-
sion used in their formation, and in general, it
can be said that the extensibilities of crimped
fibers produced in accordance with the present
invention are better than those of straight fibers
of equal tensile strength but spun without per-
mitting free shrinkage. The curly crimp in the
fibers produced in accordance with the present
invention is durable and produces a pleasing,
wool-like appearance and hand. In the case of
fibers which have been cut to staple length before
being permitted to relax in water, the crimps
obtained are quite irregular, both as to their
number per inch and their arrangement around
the fiber axis. It is difficult, therefore, to define
the degree of crimp obtained in these fibers in a
quantitative manner, but in general, it may be
said that the number of crimps per unit length
along the axis of the unstretched fiber is above
10 crimps per inch. This means that these fibers
are easily distinguishable from ordinary regen-
erated cellulose staple fibers, even those made by
the so-called “acid-cutting” process, since at
most the latter do not show more than 5 or 6
crimps per inch. The crimps in the fibers are
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remarkably resistant to laundering with soap.
As has been mentioned previously, even after re-
moving the crimp by stretching the filaments,
the erimp can be restored by subjecting the fila-
ments or fibers to another relaxing treatment in
a liquid.

Continuous filament yarn comprising crimped
filaments of the type hereinabove deéscribed is
particularly desirable Tor the production of woven
and knit goods where more than average yarn
strength, together with a wool-like hand, is de-
sired. The crimped staple fibers of the present
mventmn are very_de 167 the "proditetion
of 3 unique and sup pun yarn. Fabrics
produced from both continuous filament and
spun yarn made in accordance with the present
invention will have a very desirable hand, due
to regain of filament and fiber cnmp “upon
wettmg, """"

“Since it is obvious that many changes and
modifications can be made in the above described
details without departing from the nature and
spirit of the invention, it is to be understood
that the invention is not to be limited to the
said details except as set forth in the appended
claims.

I claim:

1. A process for the production of highly
crimped regenerated cellulose filaments and
fibers which comprises the steps of spinning fila-
ments from g balanced viscose-sulfuric acid-salt
spinning bath system in which the spinning bath
containg 0.1% to 3.09% zinc sulfate and a sub-
stantial amount of sodium sulfate and in which

the sulfuric acid content of the spinning bath :

is of the order of 11.3% or less and is in accord
with the formula:

_[xcN

100
wherein

A is the sulfuric acid content in per cent by
weight of the spinning bath and is less than z,

K is a factor which may have any value from
1.9 to 2.5,

C is the cellulose content in per cent by weight
of the viscose and is approximately 7%,

N is the sodium hydroxide content in per cent
by weight of the viscose and is at least 3.5%;
and

x is the percentage content by weight of sulfuric
acid in the spinning bath which will produce
a regenerated cellulose filament having the
minimum gel swelling factor with the viscose
specified by C and N, said viscose having a
salt index of between 1.5 and 6.0 and said bath
having 5 sodium sulfate content of between
15% and 30% with a filament travel of at least
50 inches in the coagulating and regenerating
bath and said bath having a temperature of
between 50° and 75° C

imposing on said filaments, during the spinning
thereof, a tension of at least 0.5 gram per denier
and-a stretch of at least 40%, and, after sub-
stantially complete regeneration of said fila-
ments, relaxing the same, completely free from
all tension, in 3 liquid which will swell the same
at a temperature of between 0° and 120° C.

2. A process. for the production of highly
crimped regenerated cellulose filaments and fibers
which  comprises the steps of spinning filaments
from a balanced viscose-sulfuric acid-salt spin-
ning bath system in which the spinning bath
contains 0.1% to 3.0% zinc sulfate and a sub-
stantial amount of sodium sulfate and in which

K4
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the sulfuric acid content of the spinning bath.
is of the order of 11.3% or less and is in accord
with the formula:

K(C.N)

100
wherein

A is the sulfuric acid content in per cent by
weight of the spinning bath and is less than z,

K is a factor which may have any value from
1.9 to 2.5;

C is the cellulose content in per cent by weight
of the viscose and is approximately 7%;

N is the sodium hydroxide content in per cent
by weight of the viscose and is at least 3.5%;
and

z is the percentage content by weight of sulfuric
acid in the spinning bath which will produce
a regenerated cellulose filament having the
minimum gel swelling factor with the viscose
specified by C and N, said viscose having a salt
index of between 1.5 and 6.0 and said bath
having a sodium sulfate content of between
15% and 30%.with a filament travel of at least
50 inches in the coagulating and regenerating
bath and said bath having a temperature of
between 50° and 75° C

passing said filaments in the spinning thereof
through a non-alkaline stretching bath contain-
ing not to exceed that acidity equivalent to 3%
sulfuric acid, imposing on said filaments, during
the spinning thereof, a tension of at least 0.5
gram per denier and a stretch of at least 40%,
and, after substantially complete regeneration of
said filaments, relaxing the same, completely free
from all tension, in a liquid which will swell the’
same at a temperature of between 0° and 120° C.

3. A process for the production of highly
crimped regenerated cellulose filaments and fibers
which comprises the steps of spinning filaments
from a balanced viscose-sulfuric acid-salt spin-
ning bath system in which the spinning bath
contains 0.1% to 3.0% zinc sulfate and a sub-
stantial amount of sodium sulfate and in which
the sulfuric acid content of the spinning bath is
of the order of 11.3% or less and is in gceord with
the formula:

A_[ECN)
100

wherein

A is the sulfuric acid content in per cent by
weight of the spinning bath and is less than z,

K is a factor which may have any value from
1.9 to 2.5, :

C is the cellulose content in per cent by welght
of the viscose and is approximately 7%,

N is the sodium hydroxide content in per cent
by weight of the viscose and is at least 3.5%,
and

z is the percentage content by weight of sulfuric
acid in the spinning bath which will produce
a regenerated cellulose filament having the
minimum gel swelling factor with the viscose.
specified by C and N, said viscose having a salt
index of between 1.5 and 6.0 and said bath
having g sodium sulfate content of between
15% and 30% with a filament travel of at least
50 inches in the coagulating and regenerating.
bath and said bath having a temperature of
between 50° and 75° C

passing said filaments in the spinning thereof
through a non-alkaline stretching bath contain-
ing not to exceed that acidity equivalent to 3%



passing said filaments in the spinning thereof
through a non-alkaline, aqueous stretching bath
having a temperature between 50° C. and the
boiling point thereof, imposing on said filaments
during the spinning thereof a tension of at least
0.5 gram per denier and a streteh of at least
40%, and, after substantially complete regenera-
tion of said filaments, relaxing the same, com-
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sulfuric acid and having a temperature between

50° C. and the boiling point thereof, imposing
on said filaments during the spinning thereof, a
tension of at least 0.5 gram per denier and a

streteh of at least 40%, and, after substantially g

complete regeneration of said filaments, relaxing
the same, completely free from all tension, in a
liquid which will swell the same at a temperature
of between 0° and 120° C.

4. A process for the production of highly 19

crimped regenerated cellulose filaments and fibers
which comprises the steps of spinning filaments
from a balanced viscose-sulfuric acid-salt spin-
ning bath system in which the spinning bath
contains 0.1% to 3.0% zinc sulfate and a sub- 15
stantial amount of sodium sulfate and in which
the sulfuric acid content of the spinning bath

is of the order of 11.3% or less and is in accord
with the formula:

K(C.N) 20

T100

wherein
A is the sulfuric acid content in per cent by

weight of the spinning bath and is less than z, 25

K is a factor which may have any value from

1.9 to 2.5,

C is the cellulose content in per cent by weight

of the viscose and is approximately 7%,

N is the sodium hydroxide confent in per cent 30

by weight of the viscose and is at least 3.5%,
and

is the percentage content by weight of sulfuric
acid in the spinning bath which will produce

a regenerated cellulose filament having the 35
minimum gel swelling factor with the viscose
specified by C and N, said viscose having a salt
index of between 1.5 and 6.0 and said bath
having a sodium sulfate content of between
159% and 30% with a filament travel of at least 40
50 inches in the coagulating and regenerating
bath and said bath having a temperature of
between 50° and 75° C.

45

pletely free from all tension, in a liquid which

will swell the same at a temperature of between
0° gnd 120° C

5. A process for the production of highly";.'-‘»s 5

crimped regenerated cellulose filaments and
fibers which comprises the steps of spinning fila-
ments from a balanced viscose-sulfuric acid-salt
spinning bath system in which the spinning bath
contains 0.1% to 3.0% zinc sulfate and a sub-
stantial amount of sodium sulfate and in which
the sulfuric acid content of the spinning bath
is of the order of 11.3% or less and is in accord
with the formula:

65
K(C.N)
7100

wherein
A is the sulfuric acid content in per cent by 70

weight of the spinning bath and is less than z,

K is a factor which may have any value from

1.9 to 2.5,

C is the cellulose content in per cent by weight

of the viscose and is approx1ma,tely 7%, (1

N is the sodium hydroxide content in per cent
by weight of the viscose and is at least 3.5%,
and

is the percentage content by weight of sulfuric
acid in the spinning bath which will produce a
regenerated cellulose filament having the
minimum gel swelling factor with the viscose
specified by C and N, said viscose having g salt
index of bhetween 1.5 and 6.0 and said bath
having a sodium sulfate content of between
15% and 30% with a filament travel of at least
50 inches in the coagulating and regenerating
bath and said bath having a temperature of
between 50° and 75° C

passing said filaments in the spinning thereof
through a non-alkaline stretching bath contain-
ing not to exceed that acidity equivalent to 3%
sulfuric aecid, imposing on said filaments during
the spinning thereof a tension of at least 0.5
gram per denier and a stretch of at least 40%,
at least a portion of said stretch being imposed
on the filaments in the spinning bath and g
portion of said stretch being imposed on the fila-
ments in the stretching bath, and, after sub-
stantially complete regeneration of said fila-
ments, relaxing the same, completely free from
all tension, in a liquid which will swell the same
at a temperature of between 0° and 120° C.

6. A process for the production of highly
crimped regenerated cellulose filaments and fibers
which comprises the steps of spinning filaments
from a bhalanced viscose-sulfuric acid-salt spin-
ning bath system in which the spinning bath
contains 0.1% to 3.0% zinc sulfate and a sub-
stantial amount of sodium sulfate and in which
the sulfuric acid content of the spinning bath
is of the order of 11.3% or less and is in accord
with the formula:

A_[ECN
T100

Z

wherein

A is the sulfuric acid content in per cent by
weight of the spinning bath and is less than z,
K is a factor which may have any value from
1.9 to 2.5,
C is the cellulose content in per cent by weight
of the viscose gnd is approximately 7%,
N is the sodium hydroxide content in per cent
by weight of the viscose and is at least 3.5%,
and
is the percentage by weight of sulfuric acid
in the spinning bath which will produce a
regenerated cellulose filament having the
minimum gel swelling factor with the viscose
specified by C and N, said viscose having a salt
index of between 1.5 and 6.0 and said bath
having a sodium sulfate content of between
15% and 30% with a filament travel of at least
50 inches in the coagulating and regenerating
bath and said bath having a temperature of
between 50° and '75° C.

passing said filaments in the spinning thereof
through a non-alkaline stretching bath contain-
ing not fo exceed that acidity equivalent to 3%
sulfuric acid, imposing on said filaments during
the spinning therof a tension of at least 0.5 gram
per denier and a stretch of at least 40%, the
greater portion of said stretch being imposed on
the filaments in the stretching bath and the
smaller portion of said stretch being imposed on
the filaments in the spinning bath, and, after
substantially complete regeneration of said fila- -
ments, relaxing the same, completely free from

x
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all tension, in a liquid which will swell the same
at a temperature of bhetween 0° and 120° C.

7. A process for the production of highly
crimped regenerated cellulose filaments and
fibers which comprises the steps of spinning fila~-
ments from a balanced viscose-sulfuric acid-salt
spinning bath system in which the spinning bath
contains 0.1% to 3.0% zinc sulfate and a sub-
stantial amount of sodium sulfate and in which
the sulfuric acid content of the spinning bath
is of the order of 11.3% or less and is in accord
with the formula:

A= [K(CN)
100

wherein

A is the sulfuric acid content in per cent by
weight of the spinning bath and ig less than z,

K is a factor which may have any value from
1.9 to 2.5,

C is the cellulose content in per cent by weight
of the viscose and is approximately 7%,

N is the sodium hydroxide content in per cent
by weight of the viscose and is at least 3.5%,
and

x is the percentage content by weight of sulfuric
acid in the spinning bath which will produce
a regenerated cellulose filament having the
minimum gel swelling factor with the viscose
specified by C and N, said viscose having a salt
index of between 1.5 and 6.0 and said bath
having a sodium sulfate content of between
15% and 30% with a filament travel of at least
50 inches in the coagulating and regenerating
bath and said bath having a temperature of
between 50° and '75° C.

imposing on said filaments, during the spinning
thereof, a tension of at least 0.5 gram per denier
and a stretch of at least 40%, and, after sub-
stantially complete regeneration of said fila-
ments, relaxing the same, completely free from
all tension, in water at a temperature of between
0° and 120° C

8. A process for the production of highly
crimped regenerated cellulose filaments and
fibers which comprises the steps of spinning fila-
ments from a balanced viscose-sulfuric acid-salt
spinning bath system in which the spinning bath
contains 0.1% to 3.0% zinc sulfate and a sub-
stantial amount of sodium sulfate and in which
the sulfuric acid content of the spinning bath
is of the order of 11.83% or less and is in accord
with the formula:

K(C.N)
100

wherein

A is the sulfuric acid content in per cent by
weight of the spinning bath and is less than z,

K is a factor which may have any value from
1.9 to 2.5,

C is the cellulose content in per cent by welght
of the viscose and is approximately 7%,

N is the sodium hydroxide content in per cent
by weight of the viscose and is at least 3.5%,
and

z is the percentage content by weight of sulfuric
acid in the spinning bath which will produce
a regenerated cellulose filament having the
minimum gel swelling factor with the viscose
specified by C and N, said viscose having a salt
index of between 1.5 and 6.0 and said bath
having a sodium sulfate content of between
15% and 30% with a filament travel of at least
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50 inches in the coagulating and regenerating
‘bath and said bath having a temperature of
between 50° and 75° C

passing said filaments in the spinning thereof
through a non-alkaline stretching bath contain-
ing not to exceed that acidity equivalent to 3%
sulfuric acid, imposing on said filaments, during
the spinning thereof, a tension of at least 0.5
gram per denier and a stretch of at least 40%,
and, after substantially complete regeneration of
said filaments, relaxing the same, completely free
from all tension, in water at a temperature of
between 0° and 125° C.

9. A process for the production of highly
crimped regenerated cellulose filaments and
fibers which comprises the steps of spinning fila-
ments from a balanced viscose-sulfuric acid-salt
spinning bath system in which the spinning bath
contains 0.1% to 3.0% zinc sulfate and a sub-
stantial amount of sodium sulfate and in which
the sulfuric acid content of the spinning bath
is of the order of 11.3% or less and is in aceord
with the formula:

K(C.N)

A= 100

wherein

A is the sulfuri¢c acid content in per cent by
weight of the spinning bath and is less than x,

K is a factor which may have any value from
1.9 to 2.5,

C is the cellulose content in per cent by weight
of the viscose and is approximately 7%,

N is the sodium hydroxide content in per cent
by weight of the viscose and is at least 3.5%,
and

z is the percentage content by weight of sulfuric
acid in the spinning bath which will produce
a regenerated cellulose filament having the
minimum gel swelling factor with the viscose
specified by C and N, said viscose having g salt
index of between 1.5 and 6.0 and said bath
having a sodium sulfate content of between
159, and 30% with g filament travel of at least
50 inches in the coagulating and regenerating
bath and said bath having a temperature of
between 50° and 75° C

passing said filaments in the spinning thereof
through a non-alkaline stretching bath contain-
ing not to exceed that acidity equivalent to 3%
sulfuric acid and having a temperature between
50° C. and the boiling point thereof, imposing
on said filaments during the spinning thereof a
tension of at least 0.5 gram per denier and a
stretch of at least 40%, and, after substantially
complete regeneration of said filaments, relaxing
the same, completely free from all tension, in
water af a temperature of between 0° and 120° C.

10. A process for the production of highly
crimped regenerated cellulose filaments and
fibers which comprises the steps of spinning fila-
ments from a balanced viscose-sulfuric acid-salt
spinning bath system in which the spinning bath
contains 0.1% to 3.0% zinc sulfate and a sub-
stantial amount of sodium sulfate and in which
the sulfuric acid content of the spinning bath
is of the order of 11.3% or less and is in accord

- with the formula:

70

75

A= [K(C N)
100
wherein

A is the sulfuric acid content in per cent by
weight of the spinning bath and ig less than z,
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K is a factor which may have any value from
1.9 to 2.5,

C is the cellulose content in per cent by weight
-of the viscose and is approximately 7%,

N is the sodium hydroxide content in per cent
by weight of the viscose and is at least 3.5%,
and

z is the percentage content by weight of sulfuric
acid in the spinning bath which will produce
a regenerated cellulose filament having the
minimum gel swelling factor with the viscose
specified by C and N, said viscose having a salt
index of between 1.5 and 6.0 and said bath
having a sodium sulfate content of between
15% and 30% with a filament travel of at least
50 inches in the coagulating and regenerating
bath and said bath having a temperature of
between 50° and 75° C.

passing said filaments in the spinning thereof
through a non-alkaline, aqueous stretching bath
having a temperature between 50° C. and the
boiling point thereof, imposing on said filaments
during the spinning thereof a tension of at least
0.5 gram per denier and a stretch of at least
40%, and, after substantially complete regenera-
tion of said filaments, relaxing the same, com-
pletely free from all tension, in water at a tem-
perature of between 0° and 120° C.

11. A process as defined in claim 1 in which
the filaments are relaxed in the relaxing bath
immediately after stretching the same.

12, A process as defined in claim 1 in which
the filaments are collected on a yarn support and
subjected to a washing treatment after stretch-
ing and prior to relaxation.

13. A process as defined in claim 1 in which
the filaments are collected on a yarn support
and subjected to a washing and drying treatment
after stretching and prior to relaxation.

14, A process for the production of crimped
regenerated cellulose filaments and fibers which
comprises the steps of spinning filaments, under
tension, from a viscose solution into a coagulat-
ing and regenerating bath, and after substan-
tially complete regeneration of said filaments,
freely suspending the filaments, in filamentous
structure form, in an aqueous liquid bath in com-
plete absence of tension to completely relax the
same, said steps being carried out in accordance
with the following critical relationship factors:

(a) The viscose solution must have an alkali

content (calculated at NaOH) of 5% to

6.25%.

The viscose solution must have a salt index

(as determined by Reinthaler-Rowe, “Arti-

fieial Silk,” 1928, page 69) of between 1.5

and 6. ]

(¢) The coagulating and regenerating bath must
" have a sulfuric acid content of between 6.5%

and 9.5%.

The coagulating and regenerating bath must

have a sodium sulfate content of between

15% and 30%.

The coagulating and regenerating bath must

have a zinc sulfate content of between 0.1%

and 3%.

The filaments must have a travel of at least

50 inches in the coagulating and regener-

ating bath. .

The spinning tension on the filaments in the

coagulating and regenerating bath must be

at least 0.5 gram per denier and the fila-
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ments during the spinning thereof must be.

stretched at least 40%.
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(h) The temperature of the coagulating bath
must be between 40° C. and 75° C.
(i) The temperature of the relaxing bath must
be between 20° C. and 120° C.

and not more than one of said critical factors
lie outside of the following range for the indi-
cated factors:

() Salt index of viscose...__-.__3.5 to 5.5
(k) Sulfuric acid content

of the bath o 15% to 8.5%
() Sodium sulfate content ’

of the bath______._______ 19% to 25%
(m) Zinc sulfate content

of the bath______________ 0.85% to 2.0%
(n) Length of bath travel_____._ Over 75 inches
(0) Temperature of coagulating

bath e 50° C. to 60° C.
(p) Temperature of relaxing .

bath 60° C. to 100° C.

15, A process as defined in claim 14 in which
the relaxing treatment liquid is water.

16. A process as defined in claim 14 in which
the relaxing treatment liquid comprises an aque-"
ous solution of an alkaline material taken from
the group consisting of sodium hydroxide and
sodium carbonate.

17. A process for the production of crimped
regenerated cellulose filaments and fibers which
comprises the steps of spinning filaments, under
tension, from a viscose solution into a coagulating
and regenerating bath, and after substantially
complete regeneration of said filarfients, freely
suspending the filaments, in filamentous struc-
ture form, in an aqueous liquid bath in complete
absence of tension to completely relax the same,
said steps being carried out in accordance with
the following critical relationship factors:

The viscose solution must have an alkali con-
tent (calculated as NaOH) of between 5.75%
and 6.25%.

The viscose solution must have a salt index
(as determined by Reinthaler-Rowe, “Artifi-
cial Silk,” 1928, page 69) of between 3.5
and 5.5.

The coagulating and regenerating bath must
have a sulfuric acid content of between 7.5%
and 8.5%.

The coagulating and regenerating bath must
have a sodium sulfate content of between
199% and 25%.

The coagulating and regenerating bath must
have a zinc sulfate content of between 0.85%
and 29%.

The filaments must have a travel of at least
75 inches in the coagulating and regenerat-
ing bath.

The spinning tension on the filaments in the
coagulating and regenerating bath must be
at least 0.5 gram per denier and the fila-
ments during the spinning thereof must be
stretched at least 40%.

The temperature of the coagulating bath
must be between 50° C. and 60° C.

(i) The temperature of the relaxing bath must
be between 60° C. and 100° C.

18. A process as defined in claim 17 in which

{a)

()
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d

~

(e)

)
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(h)

the relaxing treatment liquid is water.

19. A process as defined in claim 17 in which
the relaxing treatment liquid comprises an aque-
ous solution of an alkaline material taken from
the group consisting of sodium hydroxide and
sodium carbonrate.
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20. A process as defined in claim 14 which com-
prises subjecting the filaments to a liquid wash-
ing treatment after coagulation and prior to the
relaxing treatment.

21. A process as defined in claim 14 which com-
prises subjecting the filaments to a liquid wash-
ing treatment, and drying, after coagulation and
prior to the relaxing treatment, the temperature
of the relaxing bath being at least 60° C

22. A process as defined in claim 14 which com-
prises subjecting the filaments to a secondary
stretching treatment in an aqueous bath having
a temperature of at least 60° C. prior to the re-
laxing treatment.

23. A process as defined in claim 17 which
comprises subjecting the filaments to a liquid
washing treatment after coagulation and prior
to the relaxing treatment.

24. A process as defined in claim 17 which com-
prises subjecting the filaments to a liquid wash-
ing treatment, and drying, after coagulation and
prior to the relaxing treatment.

25. A process as defined in claim 17 which com-
prises subjecting the filaments to a secondary
stretching treatment in an agueous bath having
a temperature of at least 60° C. prior to the relax-
ing treatment.

26. A process for the production of crimped
regenerated cellulose filaments and fibers which
comprises the steps of spinning filaments, under
tension, from a viscose solution into a coagulat-
ing and regenerating bath passing said filaments
through a non-alkaline stretching bath, and
after substantially complete regeneration of said
filaments, relaxing the filaments, free from ten-
sion, in an agueous liquid bath, said steps being
carried out in acecordance with the following criti-
cal relationship factors:

(a) The viscose solution must have an alkali
content (calculated as NaOH) of between
35% and 5%.
The viscose solution must have a salt index
(as determined by Reinthaler-Rowe, “Artifi-
cial Silk,” 1928, page 69) of between 1.5 and 6.
The coagulating and regenerating bath must
have a sulfuric acid content of between 3.5%
and 6.5%.
The coagulating and regenerating bath must
have a sodium sulfate content of between
18% and 30%.
The coagulating and regenerating bath must
have a zinc sulfate content of between 0.1%
and 2.5%.
(f) The filaments must have a travel of at least
50 inches in the coagulating and regeneratmg
bath.
The spinning tension on the fllaments in the
coagulating and regenerating bath must be
at least 0.5 gram per denier and the filaments
during the spinning thereof must be
stretched at least 40%.
The temperature of the coagulating bath
must be between 40° C. and '75° C.
(i) The temperature of the secondary stretch-
ing bath must be between 50° C. and 100° C.
() The temperature of the relaxing bath must
be between 0° C. and 120° C.

27, A process as defined in claim 26 in which
the relaxing treatment liguid comprises an aque-
ous solution of an alkaline material taken from
the group consisting of sodium hydrox1de and
sodium carbonate.

28. A process as defined in claim 26 which com-
prises subjecting the filaments to a liquid wash-
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ing treatment after coagulation and prior to the
relaxing treatment.

29, A process as defined in claim 26 in which
the temperature of the relaxing bath is at least
60° C., and which comprises subjecting the fila~
ments to a liquid washing treatment, and to
drying, after coagulation and prior to the relax-
ing treatment.

30. A regenerated cellulose filament having a
non-uniformity of structure between the exterior
and interior portions of the filament 'and hav-
ing a difference of structure occurring across the
filament, said filament having the characteristic,
when straight, of spontaneously crimping upon
being suspended, free of tension, in an_ aqueous
11qu1d

“41. A regenerated cellulose filament having g
non-uniformity of structure between the exterior
and interior portions of the filament and having
a difference of structure occurrmg _across the

3N regenerated cellulose filamént n g
non-uniformity of structure between the exterior
and interior portions of the filament and having
a difference of structure occurring across the fila-
ment, said filament having at least ten crimps

per_inch which, upon being mechanically re-
moved, will be substantially completely restored
by suspending the filament, free from tension, in
an aqueous liquid.

33. A regenerated cellulose filament having a
non-uniformity of structure between the exterior
and interior portions of the filament and having
a difference of structure occurring across the
filament, said filament having a tenacity of at
least 2.25 grams per denier and having a crimp
which, upon being mechanically removed, will
be substantially completely restored by suspend-
ing the filament, free from tension, in an ague-
ous liquid.

34. A substantially straight regenerated cel-
lulose fil nt having & non-tufiformity of stiiic-
turé pétween the exterior and interior portions
of the filament and having a difference of struc-
ture occurring across the filament, said filament
having the characteristic of spontaneously crimp-
ing, upon being suspended, free of tension, in
an aqueous liquid.

35. A substantially straight regenerated cel-
lulose filament having a non-uniformity of struc-
ture between the exterior and interior portions of
the filament and having a difference of structure
occurring across the filament, said filament hav-
ing the characteristic. of spontaneously crimp-
ing with at least ten crimps per inch, upon he-
ing suspended, free of tension, in an aqueous
liquid.

36. A substantially straight regenerated cel-
lulose filament having a non-uniformity of struc-
ture between the exterior and interior portions
of the filament and having a difference of struc-
ture occurring across the filament, said filament
having a tenacity of at least 2.25 grams per
denier and having the characteristic of spon-
taneously crimping, upon being suspended, free
of tension, in an aqueous liquid.

37. A process for the production of crimped
regenerated cellulose filaments and fibers which
comprises the steps of spinning filaments under

tension from a viscose solution into a coagulating - -

and regenerating bath and, after substantially
complete regeneration of said filaments, relax-
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ing the filaments free from tension in an aque-
ous bath, said steps being carried out in ac-
cordance with the following relationship factors:

(a) The viscose solution has an alkali content
(calculated as NaOH) of between 3.5% and
5%;

The viscose solution has a salt index of be-
tween 1.5 and 6.0;

The viscose solution contains between 0.019%
and 1.0% of a viscose-dispersible salt of a
metal, the hydroxide of which is amphoteric;
The coagulating and regenerating bath has
a sulfuric acid content of between 4% and
6%;

The coagulating and regenerating bath has
a sodium sulfate content of between 18%
and 30%:;

The coagulating and regenerating bath has
a zinc sulfate content of between 0.1 and
2.5%;

The filaments have a travel of at least 50
inches in the coagulating and regenerating
bath;

The spinning tension on the filaments in the
coagulating and regenerating bath is at least
0.5 gram per denier and the filaments during
the spinning thereof are stretched at least
40%:;

(i) The temperature of the coagulating bath is
between 40° C. and 75° C.

The temperature of the relaxing bath is be-
tween 20° C. and 120° C.

38. The process of claim 37 in which a stretch
of at least 40% is imposed during coagulation
and regeneration.

39. The process of claim 37 in which the re-
laxing liquid is an aqueous solution of an al-
kaline material.

40. A process for the production of crimped
regenerated cellulose filaments and fibers which
comprises the steps of spinning filaments under
tension from a viscose solution into a coagulating
and regenerating bath and, after substantially
complete regeneration of said filaments, relaxing
the filaments free from tension in an aqueous
bath, said steps being carried out in accordance
with the following relationship factors:

(@) The viscose solution has an alkali content

)
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(calculated at NaOH) of between 3.75% and *

425%;

The viscose solution has a salt index of be-
tween 3.5 and 5.5;

The viscose solution contains between 0.01%

b
(e)

and 05% of a viscose-dispersible salt of a

metal, the hydroxide of which is amphoteric;
The coagulating and regenerating bath has
a sulfuric acid content of between 4% and
5%;
The coagulating and regenerating bath has
a sodium sulfate content of between 19%
and 25%;
(f) The coagulating and regenerating bath has
a zine sulfate content of between 0.85% and
15%;
The filaments have a travel of at least 75
inches in the coagulating and regenerating
bath;
The spinning tension on the filaments in
the coagulating and regenerating bath is at
least 0.5 gram per denier and the filaments
- during the spinning thereof are stretched
at least 40%;

(@)

(e)
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(h)
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(i) The temperature of the coagulating bath is
between 50° C. and 60° C.;
() The temperature of the relaxing bath is be-
tween 60° C. and 100° C.

41. The process of claim 40 in which g stretch
of at least 40% is imposed during coagulation
and regeneration.

42, The process of claim 40 in which the re-
laxing treatment liquid is an aqueous solution
of an alkaline mafterial.

43. A process for the production of crimped
regenerated cellulose filaments and fibers which
comprises the steps of spinning filaments,-
under tension, from a viscose solution into a
coagulating and regenerating bath, passing
said filaments through a non-alkaline stretch-
ing bath, and after substantially complete
regeneration of said filaments, relaxing the fila-
ments, free from tension, in an aqueous ligquid
bath, said steps being carried out in accordance
with the following critical relationship factors:

(a) The viscose solution has an alkali content
(calculated as NaOH) of between 3.76% and
4.24%.
The viscose solution has a salt index (as
determined by Reinthaler-Rowe, “Artificial
Silk,” 1928, page 69) of between 3.5 and 5.5.
The coagulating and regenerating bath has
a sulfuric acid content of between 3.75%
and 4.5%.
The coagulating and regenerating bath has
a sodium sulfate content of between 19%
and 259%.
The coagulating and regenerating bath has
a zinc sulfate content of between 0.85%
and 1.5%.
(f) The filaments have a travel of at least 75
inches in the coagulating and regenerating
bath. .
The spinning tension on the filaments in
the coagulating and regenerating bath is at
least 0.5 gram per denier and the filaments
during the spinning thereof are stretched at
least 40%.
The temperature of the coagulating bath
is between 50° C. and 60° C.
(i) The temperature of the stretching bath is
between 60° C. and 100° C.
() The temperature of the relaxing bath is be-
tween 60° C. and 100° C.
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Certificate of Correction
Patent No. 2,515,834 July 18, 1950
WILLIAM D. NICOLL

It is hereby certified that error appears in the printed specification of the above

numbered patent requiring correction as follows:

Column 3, line 4, before the syllable ““bal-"’ insert an opening quotation mark;
column 6, line 73, for “both” read bath ; column 9, line 1, after “must” insert be ;
column 13, line 33, for “ cramp’’ read crimp; columns 13 and 14, in the table, under
the heading “Metal Salt in viscose”, line 3 thereof, for “0.1% Pb(OCOCH?),” read
0.1% Pb(0COCH;),; line 4, for “0.1% AI*(SO*),” read 0.19 AL (S0,)s; column 14,
second line below the table, for that portion of the equation reading “(KC.N)”
read K(C.N); column 27, line 50, for “at NaOH” read as NaOH;

and that the said Letters Patent should be read as corrected above, so that the same
may conform to the record of the case in the Patent, Office.
Signed and sealed this 17th day of October, A. D. 1950,
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THOMAS F. MURPHY,
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