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‘This invention relates to the regeneration of
cellulose from viscose. More particularly, it re-
lates to a new process for manufacturing regen-
erated cellulose articles such as filaments or fllms
having improved properties.

Although the invention is generally applicable
to the preparation of fllaments, yarns, films, caps,
bands, ribbons, and other structures or regener-
ated cellulose, it will be discussed with particular
reference to the production of viscose rayon yarn.

It 1s known that the general strength and qual-
ity of viscose yarns are improved through reduc-
tion of the primary swelling of the gel fibers.
The great importance of the gel swelling factor
in viscose spinning operations has attained full
recognition only in the last few years (see, for
example, U. 8. 2,347,883 and 2,347,884).
recognized that, to constitute a commercially use-

ful viscose rayon process, the viscose composition

and the composition of the sulfuric acid coagulat-
- ing bath must be so balanced as to permit the
production of regenerated cellulose filaments
having a gel swelling factor of not more than
about 6.5. It has been found that, for a given
viscose, yarn properties such as tenacity, elon-
gation, softness, etc., are, as a rule, best when
spinning 1is done at or near the point of mini-
mum gel swelling. It has been found, more-
over, that yarn properties are improved through
methods designed to reduce the gel swelling fac-
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tionately high salt index values) has heen thought
desirable on theoretical grounds for viscose spin-
ning. A further problem, then, is to make un-

" ripened viscose of high salt index amenable to

It is now
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tor below the above-mentioned value of 6.5 and -

that, in general, the greater the reduction, the
more marked the improvements. Already pro-
posed methods of reducing the gel swelling factor
include the addition to the coagulating bath of
zinc sulfate or of ferrous, manganous, or chromic
sulfates (U. S. Patents 2,364,273; 2,347,883; and
3.347,884). While these methods represent valu-
able advances in the art, further improvements
in yarn properties are needed. ’

spinning. ‘This is highly desirable since the use
of unripened viscose would result in decreasing
or eliminating the ripening time now necessary
in manufacturing practice. Accordingly, meth-
ods for further reducing the gel swelling factor
of unripened viscose, and in particular, methods
involving further improvements in yarn proper-
ties are particularly desirable.

_An object of this invention is to provide a
process of manufacturing regenerated cellulose
filaments having gel swelling values lower than
‘heretofore attainable and exhibiting considerably
improved yarn properties. Another object is to
provide a process wherehy unripened viscose can
be spun in conventional spinning equipment to
give yarn of high quality. A further object is
to provide a process of manufacturing regener-
ated cellulose yarn having entirely novel and de-
sirable properties. Yet & further object is the
provision of a high tenacity, high fatigue re-
sistant regenerated cellulose fiber having a non-
crenulated surface and having improved soil and
abrasion resistance. Other objects will appear
hereinafter; .

These objects are accomplished, in accordance
with the invention, by extruding viscose into a
sulfuric acid-sodium sulfate coagulating bath
containing zinc sulfate and stretching the fila-

. ment, preferably in a secondary bath, the coagu-
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It is well known that unripened viscoses (the .

so-called “green” viscoses), i. e., viscoses of salt
index of about 7 or higher, are not suitable for
spinning by the methods currently used in the
industry with normally ripened viscoses, i. e,
viscoses of salt index of about 5 to 6 or lower.
‘This is attributed to the high primary gel swell-
ing of green viscoses, even though their high de-
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lation of the gel filament being carried out so
that it is in contact with small amounts of a
water-soluble organic quaternary ammonium
compound, 1. e., hydroxide or salt, in which each
of the four organic radicals attached to the nitro-
gen contains not more than four aliphatic car-
bons, at least three of these organic groups being
completely aliphatic and the fourth one, when
aromatic, containing only one benzene nucleus,
said quaternary ammonium compound having no
appreciable surface tension lowering properties.
Another object, which it was unexpectedly
found possible to accomplish through the inven-
tion described below, was the production of very
high strength yarns having smooth (non-crenu-

sree of xanthation (which is reflected in propor- 50 Iated) surfaces. These yarns have substantially




2,586,014

improved soil resistance and abrasion resistance.
The combination of high tenacity and high 1a-
tigue resistance with smooth surface had not
heretofore been achieved.

The use of certain quaternary ammonium
compounds in viscose coagulating baths for the
purpose of preventing or reducing imecrustation
of the spinnerets is well known (see, for example,
U. S. Patent 2,125,031). Ag the prior investiga-
tors have very clearly pointed out, the materials

which can be used for that purpose must be sur-

face-active. This means, in terms of chemical
constitution, that such quaternary ammonium
compounds must have at least one long chain
alkyl group of at least 6, and preferably at least
12 carbon atoms. The prior art did not contem-

plate, and, in fact, positively excluded, the use

of non-surface-active, short-chain quaternary
smmonium compounds, which are, indeed, in-
effective for the purpose of preventing spinneret
inerustation. There was, therefore, no reason to
expect that the non-surface-active, short-chain
compounds would have any effect whatever on
viscose spinning and/or yarn properties, and even
less reason to expect that their use would de-
‘crease the gel swelling factor of the yarn below
any previously known minimum and permit the
production, from either ripened or unripened
viscose, of high tenacity filaments possessing cer-
tain entirely new properties. That these ad-
vantages are, in fact, obiained through the use
of non-surface-active, short-chain gquaternary
smmonium compounds Is particularly remarke-
able since the similar, but long-chain, surface-
active compounds of the art are incapable of
producing these results. This indicates that the
quaternary compounds used in this invention
are highly selective viscose or bath modifying
agents and thai their use provides solutions to
the several problems outlined above in & surpris-
ing manner.

By the term "water-solubie, non-surface-a0-
tive quaternary ammonium compounds® is meant
those quanternary ammonium compounds which,
in coneentrations of 0.1%, do not lower the syr-
face tension of distilled water at 25° C. by more
than about 6 dynes per centimeter. Such qua-
ternary ammonium eompounds may contain four
aliphatie groups attached to the nilrogen atom
none of which groups are more: than 4 carbon
atoms in length or they may coniain three aﬁ
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such groups, the fourth group being then arg-

matic and containing only one phenyl grotp.

The anions in every instance are devold of sur- 85

face activity.

Referring to the drawings: )

Figure 1 is a dyed cross sectlon of o filament
regenerated from an unripened, unmodified vis-
cose, and )

Figure 2 is 3 dyed cross sectlon of o Alament
regenerated from an unripened, modified viscose
of this invention. '

The Inveniion will be more clearly understood
by referring to the examples and discussion
which follow. The numerical values of gel swell-
ing given below for various yarn samples were
-all determined according to the following pro-
cedure. The gel thread was collected in & mono-
layer on 2 bobbin, by manually operating a tray-
-erse mechanism with the thread being stretched
80% in the hot dip bath. The sample was cen-
trifuged (1400 R. P. M) for one minute, cut off,
and weighed in o closed bottle. The sample was
washed free of aeid, drled in an oven o 105° C
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and weighed. The ratio of the gel weight to
cellulose weight (grams of gel per gram of cel-
lulose) is referred to as the gel swelling. Vari-
ations may be infroduced in the procedure, e. g.,
in the stretch, spinning speed, or length of bath
travel, but these introduce only minor changes
in the numerical values of gel swelling.

Another important indication of yarn quality
is the factor referred to below ag “D” value. 'This
factor relates to the rate of neutralization of the
viscose filament in the coagulating and regen-
erating bath. It is determined by adding to the
viscose a suitable indicator, in this case bromo-

‘cresol purple (pH range 5.2 to 6.8), and observ-

ing the distance in inches from the spinneret at
which point- the purple color completely disap-
pears in the traveling fllament. This distance is
the ‘D” value. The selected quaternary am-
monium compounds suitable for use in this in-
vention reduce the rate of neutralization of the
spinning filaments, hence increase the ‘D” value
over that of unmodified viscose. It has been
found that, in general, the greater the D” value
or the slower the rate of neutralization, the
better the yarn properties. It is believed that the
increased ‘D” value is an indication that the
modifying agents of this invention permit greater
dehydration of the viscose before the gel struc-
ture of the filament is permanently set.

In the following examples parts and percen-
tages are by weight. These examples are given
for illustrative purposes and are not to be con-
strued in any sense as limitative.

EXAMPLE I

Four viscoses containing 0, 0.78, 1.6 and 9.0
millimoles of benzyltrimethylammonium hy-
droxide per 100 grams of viscose are prepared
in the following manner using 7% cellulose and
6% total sodium hydroxide (7 to 6 viscose).
Alkali cellulose aged to get the desired viscose
viscosity (40 to 60 poises) is xanthated fcr 2%
hours using 35% CSz2 (based on the recoverable.
bone-dry cellulose). Xanthated crumbs are dis-
solved in a solution of caustic containing the-
modifier in the amounts mentioned above. After
mixing 1% hours at 0° C., the freshly prepared
viscos is fillered while it is cold, deaerated, and
kept at 0° C. until spun. It is spun in the un-
ripened state, as shown by the high salt index

-values, high xanthate sulfur conteni, and low -

sodium trithiocarbonate content. In all ex-
amples, the caustic content of 6% refers to the
total alkalinity expressed as sodium hydroxide.
It includes the benzyltrimethylammonium hy-

- droxide and the free sodium hydroxide and that

combined in the form of sodium carbonate, 80-
dium trithiocarbonaste, and sodium ceuulose
*:anthate

* The viscose is spun into 275 denier-loo fila-

 ment yarn by extruding through a spinneret hav-
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ing holes of 0.0025-irch diameter into primary
coagulating and regenerating baths comprising
(1) 6.0% H2S04, 14% NaSO4, and 156% ZnSOy,
and (2) 9% HzS04, 22% Na:S04, 1% ZnSO4, and
5% PeSOs. The yarn is given a bath travel of 28
Inches by using a roller guide. The apparatus
and general procedure used to lead viscose into.

_the bath and to collect the formed thread are

essentially the same as those used commercially
in the so-called bobbin or spool process. The
specific conditions include a bath temperature of
50° C. and = first feed wheel speed of 485 inches
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per minute. The fllaments are carried through -

a water bath at 95 to 100° C. and wound up at
such a speed as to glve 80% stretch beyond the
feed wheel. The resulting regenerated gel yarn
is washed free of acid and salt and then
processed. The yarns which are dried on the
bobbin or, alternately, partially relaxed before
drying by rewinding on another bobbin, are
twisted 4 turns per inch and tested after condi-
tioning at 21° C. and 60% relative humidity for
48 hours.

The properties of the yarn prepared from the
viscoses described herein are listed in Table IA
together, for comparison, with those of un-

)
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per 100 grams of viscose. Both yarns of Fig-
ures 1 and 2 were prepared using a coagulating
bath designated as

9.5-14-15 (H1S0+—Na2504+—ZnS04)

The skin of regular viscose yarn may be shown
very graphically by a special dye technique.
When the cross sections are soaked in 0.2%
Pontamine Sky Blue dye for 10 to 60 minutes,
the core takes on a deep blue color while the skin
remains undyed. However, with yarns from vis-
coses modified with quaternary ammonium salts,
the dye boundary is diffused and no great con-
trast in shades between the skin and core is

OO

ripened, unmodified viscose and of ripened, un- 15 visible, as is shown in Figure 2.
Table IA
Modifier Elongation, Per
Example San |Ferent| ng,cs,, M'llé"/ Tenacity g./d. Cont (el |
xamp. anthnal moles, well- alue
Index Sulfur Per Cent 1008, ing in.
Viscose | Dry | Wet | Loop | Dry | Wet | Loop
COAGULATING BATH 8-14-15 (H;80+—N2:804—ZnS0y)
8-+ 1.40 0.63 0 3.60 | 1.99 2.74 | 8.5 18.5 6.7 31 1.
84 1.40 0.70 0.78 1 3.90 ] 2.47 3.16 { 9.4 1230 6.5 2.73 3.
8.1 1.40 0.60 1.50 | 3.88 ;1 2.72 2.97 7.8120.2 6.3 2.61 6.
8.6 1.35 0.72 9.0 {4.0 [2.78 2.72 1 8.8119.0 5.1 2. 59 7.
5.0 115 1.30 [1} 3.68 | 2.22 2.10| 89205 4.5 3.18 2.
COAGULATING BATH 8.5-22-1-5 (H1804—N:80;—ZnS0—FeS0,)
8+ 140 0.63 0 [24]178| 22| 905|180 7.4 3.53 2.2
8- 1.40 0.60 - 0.7813.70 1 2.43 2.5 7.9119.8 4.6 2.6% 5.0
8.1 1.40 0.70 1.50 ] 3.60 | 2.40 2,20| 7.0{18.4 | 3.6 2.65 6.0
8.6 1.35 0.72 9.0 |3.91]255 2.30 | 80152 4.1 2.66 7.0
5.0 1.15 1.30 0 370 {2.20| 20 | 77]181| 34 3.52 2.2

modified viscose (the standard viscose of com-
merclal operation), both controls being spun
under conditions identical to those for the modi-
fled viscoses. It will be seen that the level of
properties is lowest for the yarns from the un-
ripened, unmodified viscoses. In all cases, the
wet strengths of yarns from the unripened,; modi-
- fled viscoses of this invention are greater than
those for ripened, control viscoses. )

The yarn produced by this and the other ex-
amples has a number of remarkable properties
which distinguish it sharply from other regen-
erated cellulose yarns. The most readily ap-
parent of these new features are the cross-sec-
tion and the surface. The cross sections of vis-
cose yarn are observed and studled in the fol-
lowing manner. After imbedding the yarn in
paraffin, cross sections are cut and affixed to a
glass slide by a shellac cement. After removing
the paraffin in xylene, the sections are swollen in
water and photomicrographs are taken. For
yarns prepared from unripened, unmodified vis-
cose spun into zine baths, a skin or outer shell
which swells to a different extent from that of
the core is visible. These yarn cross sections
show both deep and shallow crenulations around
the contour of the filament, as shown in Figure 1.
However, for yarns of this invention, as, for ex-
ample, those spun into zinec baths from viscose
modified with non-surface-active - quaternary
ammonium compounds, the boundary between
the skin and core is very diffuse and crenula-
tions are absent, giving the yarn a smooth sur-
face, as indicated in Figure 2. The yarn of Fig-
ure 2 is unripened viscose obtained using 9 milii-
moles of benzyltrimethylammonium hydroxide

The filaments of this invention having smooth

surfaces, 1. e., showing no appreciable crenula-
.tion, have. outstanding resistance to soiling,
fibrillating, and laundering. Fatigue resistance
is also materially improved.

The yarn from viscose spun in contact with the
modifiers of this invention differs from regular
viscose yarn in five other respects: (1) the density
appears to be higher than that of normal viscose
yarns of the same orientation; (2) the yarns of

0 this invention behave differently when fibrillated

65
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in the presence of water in that they do not
break up into fine longitudinal fibrils as do yarns
from unmodified viscose; (3) the yarns of this
invention have higher lateral order than do yarns
from unmodified viscose; (4) the yarns dye more
rapidly than yarns from unmodified viscose;
(5) the yarns of this invention have considerably
lower secondary swelling (water take-up by dried
yarns). ‘The yarns of this invention have a lat-
eral order of less than 35, i. e., about 5 to about
35; a secondary swelling of less than 85%, i. e.,
about 65% to about 85%; and less than about
"40% core, the skin varying from about 60% to
about 100%. As the amount of skin approaches
100%, the amount of core becomes negligible and
the diffuse boundary is difficult to bring out by
the dyeing technique, the negligible-core yarns,
obtained, for example, by Example IIT or X and
described and claimed by this invention, still be-
ing characterized by lateral orders, secondary
swellings, ete. which distinguish them from other
yarns as pointed out above. In the following
Table IB, the physical characteristics of varns
from modified viscose in comparison with other
;nown yarns are shown,
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where In is the 101 interference iniensiy and
In is the mintmum Intensity between the 101 and
the 101 interferences. The orienfotion is given
by the expression,

i3

{0

where Tz is the 602 interfervence intensity and
Joo(a) is the same at 90° from the equator.

EXAMPLE 17

A 7-8 viscose (7% cofion linter cellulose-6%
‘total sodium hydroxide) modified with 1.5 milli-
moles of benzyltrimethylammonium hydroxide
per 100 grams of viscose is prepared and spun in
the manner described in Exampie I using the
same sulfuric aeid-sodium sulfaie-zine sulfate
(8-14-15) coagulating and regenerating bath.
The yarns are washed, slashed, and plied ioc 2
275/373 construction. Three strands of 275
denier yarn are plied together and then three
such bundles are combined to maks the cord.
Yarn and cord properties are given in Table IT
along with those for regular viscose comnirols.
It will be noted that the yarn from the modified,
green viscose shows large improvements in yarn
.and cord strength and fatigue resistance of the
cord over warn produced from normally ripsned
yiscose spun under identical conditions.

Table IB
~ . » Tenaciyt,
, Skin Cross-Section | oy, Secon- | Dye Ab-| X-RoyData | g0, . per denier
Fiber Il{atig)ré Dl_’.{l- Sdarﬁ sollipgon Resist-
esist- | sity | Swell- ate, ance,
Per Cent| Boun- |Crenu- ance ing min, | Lateral] Orien- hrs.
Approx. | dary |lations | Contour Order | tation Dry | Wet
1 | From unripened vis- 60 | Diffuse..| None .{ Oval to | Great.| 1.92 72 -8 T8 7. 4 50+ 3.8 2.7
cose; benzyltri- Round.
methylammonium .
hydroxide — mod-
iied Example I E
2 | Control; unripened, 30-40 Many | Irregular 86 | o 13 7.0 3.7 2.2
unmodified viscose. .
3 | Control; ripened, un- 60 eedo._{.__do.__.. 93 13 6.0 3.4 2.2
modified viscose. . .
4 “Corgura" )237 (tire 50 ~.-do._.}.._do..___ Little | 1.23 88 29 8.1 26 3.7 2.4
cord yarn).
5 | Textile “Cordura”__. 40 _.-do.._|__.do..___ 109 15 34 6.0 2.5 1.5
8 "Cordura”al5)40 (ex- 60 _--do__.|___do_____ Little_| 1.17 87 11 20 7.5 451 3.9 2.5
perimental).
7 | Lilienfeld yarn....__| None___. None _| Round.. : 11 7.0 3.2 1.4
8 "l;igeg D;é)(U. S.P. | None.... ---do___|...do.._._ 100 33 2.0 1.1 0.6
, 249, 745).
9 | Bemberg yarn.______ None..._ -=-do___|[._.do...__ 98 0.7 44 5.0 1.8 0.8
10 | Standard textile yarn 20-40 Many.|-_.do__._. 17.5 38 3.0 2.0 1.0
In the above fable, the dye absorption rate Table 11
refers to the tirne in minutes reguired for the
absorption of 50% of the dye by 5 grams of yarn Yamn Propertios Unripened | _Ripened
from a bath consisting of 250 grams of water, Modified | Unmodified
0.1 gram of Pontamine Fast Green 5 BL and 1.5 39
_ g. of sodium sulfate at 85° C. Ton: E14 Were: 57 58
The X-ray data are measured photometrically Ten. g./d. Loop._ 2.98 2.95
from flat plate diffraction petterns, the distance g}ggg: Eor Gent Lrs - o3 o3
between the specimen and the film being 5 cm. g5 Clong. Der Cont Loop. 6.8 6.6
The lateral order, which is o measure of erysial- °° SgSyelioe oo 28 £
linity, is given by the expression .
Cord Properties ‘
Conditioned Ten. g./d...___..________. 3.51 3.07
7 7 Oven-dry Ten. g.fd_ ___ — 3.98 3.48
(I,—15) 100 4% Fatigue Hours .- ... ____._____._ >48 39
Iy - :
EXAMPLE III

A 7-6 viscose modified with 1.5 millimoles of
benzyltrimethylammonium hydroxide per 100
grams of Viscose is prepared and spun and the
yarns are processed in the manner described in
Example I. In this case, however, the coagulat-
ing bath is 8.0-23-4 (H2S0:—Na:804+—2ZnS04).
The physical properties of the yarns from the
unripened modified viscose are much better than
for accompanying controls from normally ri-
pened viscose, as is shown in Table 1. '

45

Table 11T
55 . Unripened Ripened
' Yarn Properties Modified | Unmodified
3.8 3.45
2,72 2.33
2.97 2.43
60 7.8 6.4
s 20.2 20.7
53 3.7
2.61 34
6.0 2.5

EXAMPLE IV

Cotton linters viscose similar to that described
in Example II is spun into filaments using all
- conditions for producing and processing as in
Example I except that the acidity of the high
zine bath is increased from 8 to 9%% HiSOs.
The: properties of the yarns as well as those of
yarns from unmodified ripened and unripened
control viscoses are shown in Table IV. Tt will
be seen that the use of the modified unripened
78 viscose at this higher bath ari<ity gives lower

85
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]
:al swelling and improved properties. The mgh
speeds desirable in commercial practice

spinning ]
require relatively high bath acldity, which in -

turn means a certain sacrifice in yarn properties
because of the increased gel swelling. As shown
in this example, ii is possible through modifica-
tion of viscose to employ high spinning speeds at
high acidity without the disadvantage just men-
tloned

‘Tadle IV
T Unripened Ripened

Yamn Properties M Unmodified | Unmodified
o g./d. Dry_.........] 4.9 3.5 3.45
Ten. :{d Wet ... 281 20 2%
Ten.g./d. Loop..._ ... — 246 2.5 1.9

. Per Cent Dry__. 38 |- 7.7 8.0

lllmg Per Cent Wet._. 2®s 18.8 2.3

Flong. Per Cent Loop.... 4.0 52 4.1
Gel 3w S <274 312 3.46

“D” Value, in inches. .. 4.5 | L5 15

EXAMPLE V

Two viscoses made from 7% cotton linters, 6%
sodium hydroxide, and 35% carbon bisulfide and
containing (1) 0.68 millimole of tetraethylam-
monium hydroxide per 100 grams of  viscose
and (2) 0.68 milllmole of  tetraethylammoni-
um bromide per 100 grams of viscose are spun
in the unripened state into Alaments, using
an 8-14-15 (HaSO+—NaaSO+—ZnS80¢) bath. The
gel swelling values are reduced and the proper-
ties of the yarns are improved as in the case
of benzylirimethylammonium hydroxide. The
properties of these yarns are compared with those
of yarns from unripened, unmoedified viscose in
Table V below. -

Table V

N Unzipened+ | Unripened-+ | Unripened

Yam Properties | (0.,),NOH| (C:H;)iNBr | Unmodified
Ten. g./d. DIy .. 3.80 | 3.82 3.60
Ten.g./d. Wet_._.______ 2.85 2.72 1.99
Ten. g./d. Loop. .. 278 311 2.74

Flong: Per Cent Dry... 7.5 8.3 8.5

FElong. Per Cent Wet.__ 24 2.3 18.5

Elong Per Cent Loop.._ 4.9 5.8 8.7
Gel Swelling.._._..__.__ 256 2.87 31

“D"” Value, in inches.___ 3.5 3.8 1.7

EXAMPLE VI

A cotton linter viscose containing 7% cellu-
Jose, 6% total sodium hydroxide, and 2.0 milli-
moles per 100 grams of tetramethylammonium
chloride per 100 parts of viscose is prepared as
described in Example I. 'The viscose is spun in

.an unripened state in a sulfuric acid-sodium
sulfate-zinc sulfate (8-14-15) bath and all con-
ditions of Example I for spinning and process-
ing are used with the exception that 100% in-
stead of 80% stretch is employed. in the sec-
ondary bath. The table below shows the im-
provement in yarn properties and gel swelling
obtained with this modifier.

Table VI -

Unrip 41 Unripened

Yarn Properties (CH;)NCI | Unmodified
Ten.g/d.Dry.. .. _________.._.....] 3.95 3.
Ten, g./d. Wet 2.80 2.
Ten. g./d. Loop_______ 278 2
Elong. Per Cent Dry... 6.7 7.
Elong. Per Cent Wet.. 19.5 | 16.
. Elong. Per Cent Loop.-.\eeeeeeree 41 4,
welling. 287 3
“D” Value, in inches. ..o o..oo.ooae. 35 1

10
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‘Unripened 7-8 viscose containing 1.7 millimoles
of phenylirimethlylammonium hydroxide per
100 grams of viscose is spun into an 8-14-15
(H280¢—N22S0+—2nS804) bath and the yarn is
stretched and processed as in Example I. The
reduction in gel swelling and neutralization rates
(increased “D” value) and the improved yarn
properties of the non-crenulated fiber thus ob-

tained are shown in Table VII below:
‘ Table VII
Yarn Propectles Hotited | vhmmediand
3.87 3.00
2.7 1.99
3.00 274
“%.0 8.5
.23 18.5
8.5 6.7
2.7 3.12
33 17

Cotton linters viscose containing 7% cellulose,
6% total alkali as sodium hydroxide, and 1.7
millimoles of tetraethylammonium hydroxide

, per 100 grams of viscose is prepared as described
in Example 1. In this case, however, the vis-

- a salt index of 5.0 (xanthate surfur 1.1%).

cose is ripened as is done for normal viscose to
Itis
then spun into filaments under the conditions

"of Example I except that 69 instead of 8%

sulfuric acid is used in the sulfuric acid-sodium
sulfate-zine sulfate bath. The same large re-

" duction in gel swelling and neutralization rates

40

are observed with this ripened viscose as with
the green viscoses of the preceding examples.
In addition, the wet strength is increased and
filament contours are changed as in the case of
filaments from green viscose modified with non-
surface-active quaternary ammonium com-
pounds. Table VIII below shows the yarn prop-

- erties as compared with a control yarn.

50
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Table VI1II
‘Unrinened Ripened

Yam Properties Modified | Unmodified
Ten. g./d. Dry.... 3.64 3.18
Ten. g./d-Wet.._. 2.75 2.52
Ten. g./d. Loopp. .. 2.92 2.43

Elong. percent Dry._. 8.0 10.3

Elong. percent Wet__ 24.0 2.4

Elnng percent Loop..... 5.6 5.8

........... 2.6 3.1

“D" anue, i MChes. oo 4.5 3.0

, EXAMPLE IX

Cotton linters viscose containing 7% cellu-
lose, 6% total caustic, and 2.8 millimoles of
tetramethylammonium chloride per 100 grams
of viscose is prepared and ripened to a salt in-

-- dex of 5.0 as is normally done for regular vis-

70
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cose, and then spun into fllaments using all the
conditions of Example I for collection and
processing with the exception that a 9-23-4
(H2SO+—NaSO0+—ZnS0¢) bath is used instead of

_an 8-14-15 bath. A considerable decrease in

gel swelling and increase in “D™ value are ob-
tained, which are reflectéd in a measurable in-

. crease in wet strength of the yarn. 'The char-

acter of the fllament is changed in the same
manner as noted ‘with other modifiers and un-
ripéned viscoses. - Table IX below shows the
yarn properties as compared with a control yarn.
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Table IX
. ed | __Ripened
Yarn Propertios Qodiiod | Unmodined

Ten. g./d. Dry. - 3.47 3.
Ten. g;d Wet 2 gyﬂ g.
Ten. g./d. Loo 2.40 z
Elong. percent Dry ;G' 8 3
Elong. percent Wet . zg‘a 'z)g
Elong. percent Loop 3.0 3
Gel Swelling....._._.. A1) 3
“D" Value, in inches. - 456 2.

Unmodified” cotton linters viscose containing
7% cellulose and 6% total caustic is prepared
as described in Example I = It is spun in the un~
ripened state.into a coagulating bath contain-
ing 89 sulfuric acid, 23 % scdium sulfate, 4% zinc
sulfate,and 0.2 % benzylirimethylammonium chio-
ride, using the conditions of Example I for collec-
tion and processing of yarn. The properties of the

' yarn are compared in Table X below with those

of control spun into an idenfical bath except
that the quaternary ammonium compound is
omitted. The same large reduction in gel swell-
ing, increase in neutralization rates, modifica-
tion of filament, confour, and improvement in
strength are observed as when the modifying
agent is added to the viscose. o ,

Table X

Unmedified

Medied
Batiy Bath

Yam Propertles

Ten. g./d. Dry. oo,
Ten. g./d. Wet___._.

Ten., g./d. Loop. _:
Elong. Percent Dry. -
Elong. Percent Wet. -
Elong. Pereent Loop
GelSwelling_____._._.___ R,
“D*” Value, in inches.. ...

“

wroemBaropes
SO ID ]
poeanSnoran
NG D =R -

" A 7-6 viscose is prepared as in.Example T ex-

. cept that the modifier is tetraethaholemmonium

/

- fibers spun from normally ripened viscose.

hydroxide, (OHCH:CH3) +—N—OH, used in con-
centration of 1.5 millimoles pér 100 grams of
viscose. The viscose is then spun in the un-
ripened state, using the conditions described in
Example I. Simfilar improvements are observed,
as shown in the following table. .

Table XI

Unripened

Unripened
Modifled

Yarn Propertics Unmodified

Pe S
28

Elong. Percent Dry.
Elong. Percent Wet._ .
Elong. Percent Loop.
Gel Bwelling. __..__....
“D” Value, ininches ... ______..____ -

—
It adid el st ntnd

W3O

[}
I @0
=

opoSapoe

In copending application, filed by N. L. Cox on

March 22, 1946, with Serial No. 656,478, it is .
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shown that addition of small amounts of alkali

trithiocarbonate to unripened viscose permits
spinning the unripened viscosg, to give fibers with
properties comparable or superior to those of
It
has now been found that the alkali trithiorcar-
bonate modification can be combined with
further advantage with the treatment described
in the preceding examples,

70

1]

: - 12
To & 7-6 viscose prepared as in Example I is
added 1.5 millimoles of benzyltrimethylammo-

-nium hydroxide per 100 grams of viscose and

0.44% of sodium trithiocarbonate. The viscose
is spun in the unripened state under the con-
ditions of Example I, using a sulfuric acid-
sodium sulfate-zinc sulfate (8-15-15) bath. It
will be seen from the table below that the “D”
value of this viscose having a combination of
meodifiers is far greater than that of viscose hav-
ing only benzyltrimethylammonium hydroxide,
in the same amount, as modifier. Furthermore,
the “D” value is at least equal and, in general,
superior to that of a viscose ripened to the same
trithiocarbonate content as the modified, green
viscose and confaining the same amount of
guaternary ammonium compound modifier.

Table XIT
Unripened
X Unripened Ripened
Modified | yCOied | Moited
with NasC8; with— With—
Yarn Properties. and—

Benzylirimethylemmonium Hydroxids

Percent NasC8;, total_
Ten. g./d, Dry___
Ten. g./d. Wet_ _
Ten. g./d. Lnop__ -
Elong. Percent Dry_...
Elong. Percent Wet____
Elong. Percent Loop.__
Gel Sweuing.‘-' .........
“D" Value, in inches....

HromBappon
OF- R ABR
Epm o
Saweersgy

opmBappns

The practical significance of the synergistic
effect in green viscose between alkal trithio-
‘carbonate modifier and quaternary ammonium
compound modifier lies in the fact that the rate
of neutralization of the filament is susceptible
of greater variation and, hence, is more flexible,
permitting closer adjustment to the desired spin-
ning spe>d. Moreover, it is possible to replace
part of the relatively expensive quaternary am-
monium compound with cheap sodium trithio-
carbonate. _

The modifying agents suitable for the purpose .
of this invention are quaternary ammonium
compounds having the gross formula

. R
Ry

Ry
Ry

wherein X is a hydroxyl group er an anion hav-
ing.no surface activity, e. g., the chloride, bro-
mide, iodide, sulfate, bisulfate, acetate, etc.,
anions, and the radicals Ri, Rz, R3 and Rg, are
organic groups having not more than four ali-
phatic carbons, at least three of these radicals
being completely aliphatic and the fourth one,
when aromatic, containing not more than one
aromatic (benzene) nucleus. All R groups may
be aliphatic and in that instance they may be
alike or different. A chemical structure involv-
ing only short aliphatic chains or only one aro-
matic nucleus is intimately connected with the
absence of surface-active properties in the modi-..
fying agents which has been found essential if
the objects of the invention are to be achieved.
More specifically, the quaternary ammonium
compounds contemplated here are those which
do not, in concentrations of 0.1%, lower the sur-
face tension of distilled water at 25° C. by more
fhan about 6 dynes per centimeter. The fol-
lowing Table XXM shows the surface tension of
0.1% aqueous solutions of a number of quater-

N—-X
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nary ammonium compounds. The first six mem.
bers of the table are short-chain compounds, i. e.,
compounds having no aliphatic chain longer
than four carbons or no aromatic chain longer
than one benzene nucleus. It will be noted that
they have substantially no surface tension-low-
ering effect. In comparison, it will be seen that
sirface activity becomes appreciable with a six
to eight carbon chain, and is very high with
compounds having twelve or more carbons in a
chain.

Table XIII
TSurrlaoe fDiﬂ(;x‘-;zng,
ension, | from Water,
Mo_dlﬂer dynes * dymes
T per ¢m. per cm.
Tetramethylammonium chloride _....___ 72.3 0.3
Tetraethylsmmonium hydroxide.. ... 66.8 5.8
Tetrahydroxyethylammonjum hydexide. 67.5 5.1
Tetrabutylammonium iodide...._..____. 67.4 52
Phenyltrimethylammonium hydroxide. . 7.4 1.2
Benzyltrimethylammonium chloride.. .. 72.5 0.1
Hexylitrimethylammonium bromide__.._. 63.8 8.8
Octyltrimethylammonium chloride ... 64.0 8.6
Dodecyltrimethylammonium chlaride_._ 37.7 31.0
Hexadecylbenzyldimethylammonium
ehloride. ... .. ... 317 34,0
A7 S, 726 |oceiae

The critical importance, for the success of the
method here described, of using materials essen-
tially devoid of surface tension-lowering prop-
erties is effectively demonstrated by substituting
for the short-chain quaternary ammonium com-
pounds a similar material having a long aliphatic
chain and, therefore, surface-active. For ex-
ample, the use in viscose of dodecyltrimethyl-
ammonium chloride at a concentration (0.38
millimole per 100 grams of viscose or 0.1%) com-
parable on a weight basis with those used in the
above examples produces no appreciable decrease
in gel swelling, no increase in “D” value, and no
change in the physical characteristics of the
yarn, e. g, In filament cross section. Increasing
the concentration to one comparable on a molar
basis with that of the examples (i. e., up to 1.3
millimoles per 100 grams or 0.33%) only makes
Mmatters worse since it causes an excessive increase
in the vicosity of the viscose coupled with ex-
treme difficulty of deaeration, and gives yarn

having inferior properties as compared o con-

trol yarn. - - :
In terms of chemical structure, the preferred
modifiers for use in this invention are those in
which all four organic groups attached to the
_nitrogen atom are hydrocarbon groups or hy-
droxyl-substituted hydrocarbon groups and in
. which the radical X is hydroxyl .or halogen of
atomic weight above 19, i. e., chlorine, bromine,
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or lodine. The most useful modifiers are the °

quaternary ammonium hydroxides having a total

of not more than ten carbon atoms in the mole-
cule and in which all organic groups are hydro-
carbon or hydroxyl-substituted hydrocarbon. An
obvious requirement of the modifying agents is
that they be soluble in the viscose or in the co-
agulating bath, i. e, in alkaline or acidic media,
to the extent of at leact 0.5%. Furthermore,
they must be substantially inert chemically to-
ward and unaffected by the components of the
viscose and of the coagulating bath. Suitable
agents which may be mentioned in addition to
those used in the examples are tetraethylam-
monium bromide, tetramethylammonium iodide,
tetrapropylammonium hydroxide, tetrabutylam-
monium chloride, tributylpropylammonium hy-
droxide, tri(beta-hydroxyethyl) - methylammo-

60
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nium hydroxide, tributyl(beta-hydroxyethyl-am-
monium lodlge. etc. :

As has been shown, the non-surface-active
quaternary ammonium compounds may be used
either in the viscose or in the coagulating-regen-
erating bath. The agents may also be added to
both the viscose and the bath in equal or differ-
ent amounts, the total concentration bcing gen-
erally not more than about 10.0 millimoles per
100 grams of total solvent. In the latter event,
the agent added to the bath may be the same
as or different than the agent added to the vis-
cose. For effective results, there should be used
at least 0.5 millimole of agent per 100 grams of
viscose or bath (the desirable concentration is
about the same in either case). In general, it
is unnecessary to use more than 10 millimoles of
the agent per 100 grams of solvent (viscose or
bath), a generally useful range being between
about 0.9 and about 3.0 millimoles per 100 grams.
In terms of weight percent basis, there should
be used bétween about 0.04% and about 0.3% of
modifying agent, based on either the viscose or
bath. The optimum concentration for any given
agent depends on its effectiveness and on its
molecular weight. It also depends to some ex-
tent on process variables such as the spinning
speed, since at the high spinning speeds used in
industrial practice, less agent is desirable than
at lower spinning speeds, for the reason that the
rate of neutralization of the filament should be
retarded only to the extent compatible with com-
plete coagulation during the short time the fila-
ment is in contact with the coagulating bath.
Determination of the optimum concentration of
the quaternary ammonium compound is a mat-
ter of simple experimentation . for those skilled
in the art. In this connection it should be
pointed out that with ripened viscose there need
be used somewhat less modifying agent than
with unripened viscose, probably because the in-
crease in alkali trithiocarbonate concentration
which accompanies the ripening step tends to
reinforce the effect of the modifying agent.

The viscose used in the process of the invention
may be of a variety of types; for example, it may
be from wood pulp, cotton linters, mixtures of the
two, or even other types of cellulose. The com-
position of the viscose may also be varied widely.
For example, it may have a cellulose content of
from 4 to 10% or even more and an alkali content .
of from 4 to 8% or more. The standard viscoses
of the industry, i. e., those having between 5 and
7% cellulose and between 4-69% alkali, are pref-
erably used. ‘The amount of carbon disulfide used
in xanthation can be from 25-50% (based on the
recoverable bone-dry cellulose). It has been
found that higher than normal xanthate sulfur
contents (higher salt indices) can be used in the
viscose when the short-chain quaternary am-
monium compounds described herein are added
and there appears to bz an advantage in stretch-
ability and level of yarn properties if salt indices
higher than 5 are used. It is necessary to use
30% or greater amounts of carbon disulfide to
obtain salt indices of 5 or over in. unripzned vis-
coses. Thus, one of the chief advantages of the
invention is that unripened or partiallvy ripened
viscoses may be used, with the result that the
ripening time and space now required in viscose
plants may be eliminated or substantially re-
duc.d. A very useful embodiment of the inven-
tion is that illustrated in Example XIT, wherein
unripened viscose is modified with a combination
of a non-surface-active quaternary ammonium
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compound and added alkall trithiccarbonate. In ducing high tenacity yarn and 20-309% for tex-.
such a case, an unexpected synergistic effect is tile type yarns. The bobbin process has been
observed as regards the neutralization rate and used In the examples, but it is immaterial whether
the yarns are of remsarkably high quality. As - spinning is by bobbin, bucket, or continuous
specificd in copending application Serial Number g processes. The yarn cake is washed free of acid
656,478, already referred to, the quantity of alkali and salt and then dried under tension. If pre-
trithiocarbonate (e. g., sodium or potassium iri- ferred, it may be twister- or slasher-dried to en-
thiocarbonate) to be added to thz green viscose able the dry elongation of the finishsd produet to
need only be sufficient to bring the total trithio- be controlled. When using the two-bath spin-
carbonate content to between about 1% and about 3o ning system, the preferred procedure is to draw

3%, based on the viscose, which means in gen- off the freshly coagulated gel yarn with a feed
eral that the amount added is between 0.2% and wheel speed equal to or less than the jet velocity
2.25% of the weight of the viscose. and to apply all of the stretch between positively

While the use of unripened viscose is of special - driven rollers traveling at different speeds. The
interest in the process of this invention, it has 35 thread can be given a travel of 10-50 inches in
been shown (Examples VIII and IX) that notable the secondary bath of hot water or dilutz bath.
improvements in yarn quality are also obtained As mentioned above, the amount of stretch ap-
with normally ripened viscose, thus making the plied depends on the properties desired for the
process directly applicable to existing plang yarn. .
practice. 20 On the basis of available data, it is thought

The spinning baths sultable for use in the in- probable that the mechanism by which quater-
vention contain sulfuric acid, sodium sulfate, and nary ammonium compounds influence the spin-
zine sulfate. Zinc sulfate is an essential com-- ning process is through interaction with zine
ponent of the spinning bath since, in its absence, sulfate on the one hand and with the sodium
the quaternary ammonium compounds have no gy trithiocarbonate of the viscose on the other hand.
effect on spinning and yarn properties. If de- It has-not yet been possible to determine whether
sired, additional salts of divalent metals known to - this effect on filament formation is accomplished .
reinforce or supplement the action of zinc suifate through (1) buffer action, (2) transient forma-
may be used, such as ferrous sulfate, manganese tion of insoluble complexes, which might exer-
sulfate, nickel sulfate, or chromic sulfate. Fer- g3 cise some control on the porosity of the Initial
rous sulfate is particularly useful. Preferably, skin which is set up, (3) ionbridge formation, or
the spinning bath contains from 4 to 129% of (4) other colloidal effects.
sulfuric aecid, from 13 to 25% of sodium sulfate, The novel and improved yarns obtainable
and from 1 to 15% of zinc sulfate, optionally through the process of this invention can, in gen-
Including between 0.8 and 6%, and preferably g5 eral be used instead of regular regenerated cel-
between 1% and 5%, of ferrous sulfate. The lulose fibers for any .purposes where the latter

optimum quantity of zinc sulfate from the stand-  are finding applications, more particularly in the
point of practical spinning speed appears to be textile and tire cord industries.
3 to 56%. With the addition of quaternary am- Any departure from the above description

monium salts fo viscose or spinning baths, it is 49 which conforms to the present invention is in-
possible to obtain excellent yarns using bath tended to be included within the scope of the

acidities in the upper range under which condi- claims.
tions normal, unmodified viscoses .give yarns of I claim:
decreased quality. If is also possible to use in 1. Amethod of producing regenerated cellulosic

this invention the long chain quaternary am- 45 structures which comprises the step of spinning
monium compounds referred to above and at low a viscose solution in a spinning bath comprising
concentrations in their usual capacity as in- an aqueous solution of sulfuric acid containing
crustation-preventing agents. The temperature from 1% to 15% zinc sulfate, the said spinning
range of best spinnability is from 40 to 65° C. On being conducted in the presence of about 0.5 to
the basis of available data, it is desirable to have g about 10.0 millimoles per 100 grams of one of.said
the bath acidity and temperatures as low as is solutions of a water-soluble quaternary am-
practical for a given spinning speed in order to monium compound of the formula, i
get optimum filament structure and yarn prop- .
erties. Each of the above concentrations should N Rs +
be adjusted to each other and to the composition R,_I!,_R, <
of the viscose. Itis desirable to use as high a total 1
solids contznt as possible in the coagulating bath R
to give the highest degree of gel shrinkage and whereln Ri, Rz, Rz, and R4 are organic groups
improved sfretchability. ‘ ) which contain no more than four aliphatic carbon
The filaments may be given a long travel of 60 atoms, at least three of the said groups contain
130-250 inches in the primary bath by means of only aliphatic carbon atoms and the fourth of the
a multiple roller setup which gradually applies sald groups contains no more than one phenyl
tension to the traveling filaments and thereby radical and where X~ is an anion having sub-
orients them while they are still plastic. The stantially no surface activity.
preferred method, however, is to apply a part or 65 2. A method of producing regenerated cellulosic
all of the stretch beyond the primary bath in a structures which comprises-the step of spinning
secondary bath or to use a combination of air and viscose in an aqueous sulfuric acid spinning bath
hot bath stretch. The secondary bath may con- containing from 1% to 15% zinc suifate together
sist simply of water or of dilute (1-3%) sulfuric with, per 100 grams of bath, about 0.5 to about
acid, or it may have the same composition as 70 10.0 millimoles of a water-soluble quaternary
the coagulating bath but at a greater dilution, ammonium compound of the formula
e. g., one-fourth of the concentration of the .
coagulating bath. The tfemperature of the If’ -
secondary bath is preferably between 50 and 100° Ri—N—R; JX-
C. Stretches of 80-100% are preferred for pro- 75
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wherein R, R2, Rs and R4 are aliphatic radicals,
each of the said radicals containing no more

-"than 4 carbon atoms and X- is an anion having

substantially no surface activity.

3. A process as defined in claim 2 in which the
said structures are passed into a second bath and
subjected to a stretching treatment in said sec-
ond bath.

4. A method of producing regenerated cellulosic -

structures which comprises the step of spinning
viscose in an aqueous sulfuric acid spinning bath
containing from 1% to 15% zinec sulfate, the said

" viscose containing, per 100 grams of viscose, about
0.5 to about 10.0. millimoles of a water-soluble [

quaternary ammonium compound of -the formula

[n,_i’_g.] _

wherein R1, Rz, Rz and R«-are aliphati¢ radicals
each of the said radicals containing no more than
4 carbon atoms and X~ in an ahion havmg sub-

-stantially no surface activity.

5. A process as defined in claim 4 in which the
sald structures are passed into a second bath and
subjected to a stretching treatment in said second
bath.

6. Amethod of producing regenerated cellulosic
structures which comprises the step of spinning
viscose in an aqueous sulfuric acid spinning bath
containing from 1% to 15% zinc sulfate together
with, per 100 grams of bath, about 0.9 to about
3.0 millimoles of a water-soluble quaternary am-

.monium compound of the formula

v 1
Rl—I—Ra X~
. 4 !

wherein Ri, Re, and Rz are aliphatic radicals, each
of the said radicals containing no more than 4
carbon atoms, the radical R4 containing no more
than 4 aliphatic carbon atoms and no more than
1 pheny! radical, and X~ is an anion having sub-
stantially no surface activity.

7. A process as defined in claim 6 in which the
said structures are passed into a second bath and
subjected to a stretching treatment in said second
bath,

8. A method of producing regenerated cellulosic
structures which comprises the step of spinning
viscose in an aqueous sulfuric acid spinning bath
containing from 1% to 15% zinc sulfate, the said
viscose containing, per 100 grams of viscose, about
0.9 to about 3.0 millimoles of a water-soluble
quaternary ammonium compound of the formula

[R,_E’..R.];-
Zeh ‘

wherein Ri1, Rz and R3 are aliphatic radicals, each
of the sald radicals containing no more than 4
carbon atoms, the radical R« contains no more
than 4 aliphatic carbon atoms and no more than
1 phenyl radical, and X~ is an anion having sub-
stantially no surface activity.

8. A process as defined in claim 8 in which the
said structures are passed into a second bath and
subjected to a stretching treatment in said sec-
ond hath. ‘

10. A method of producing regenerated cel-
lulosie structures which comprises the ‘step of
spinning viscose containing a water-soluble tri-
thiocarbonate in addition to that formed during
xanthation in an aqueous sulfuric acid bath con-
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taining 1% to 15% zinc sulfate together with

about 0.9 to about 3.0 millimoles of a water-sol-
uble, quaternary ammonium compound per 100 .
grams of bath, the said quaternary ammonium

compound corresponding to the formula

[RI—E:—R.];-
Lok

whereln Ri, Rz, Rs and R« are organic groups
which contain no more than four aliphatic carbon
atoms, at least three of the said groups containing
only aliphatic carbon atoms, and the fourth of
the said groups containing no more than one
bhenyl radical and whereas X~ is an anion hav-
ing substantially no surface-activity.

11. A process which comprises incorporating
in viscose which contains a water-soluble trithio-
carbonate in addition to that formed during
xanthation about 0.9 to about 3.0 millimoles of a
water-soluble, quaternary ammonium compound
per 100 grams of viscose and extruding the re-
sultant viscose into a coagulating bath compris-
ing an aqueous solution of sulfuric acid and 1%
to 15% zine sulfate, the said quaternary am-
monium compound corresponding to the formula

[R,_E’_R.];;
®,

wherein R1, Rz, Rs and Ra are organic groups
which contain no more than four aliphatic car-
bon atoms, at least three of the said groups con-
taining only aliphatic ‘carbon ‘atoms, and the
fourth of the said groups containing no more than
one phenyl radical and wherein X— is an anica
having substantially no surface-activity.

12. A process according to claim 11 in which
the said coagulating. bath . also. contains. about
0.9 ‘to about 3.0 millimoles of a water-soluble,
quaternary ammonium compound per 100-grams
of bath, the said quaternary ammonium com-
pound corresponding to the formula

[RI_E:R.];-
lkl

wherein Ri, Rz, R3 and R4 are organic groups
which contain no more than four aliphatic carbon
atoms, at least; three of the said groups contain-
ing only aliphatic carbon atoms, and .the fourth
of the said groups containing no more than one
phenyl radical and where X~ is an anion hav-
ing substantially no surface-activity.

13. A process 'which comprises incorporating
In viscose containing an alkali. metal trithio-
carbonate in addition to that formed during.
xanthation about 0.9 to about 3.0 millimoles of a
water-soluble, quaternary ammonium compound
per 100 grams of viscose, extruding the result-
ant viscose into a coagulating bath comprising an
agueous solution of 4% to 12% sulfuric acid, 13%
to 25% sodium sulfate and 1% to 15% zine sul-
fate, the said quaternary ammonium compound
corresponding to the formula

[Rl_i_n.];.

wherein R1, Rz, Rs and R are organic groups

k which contain no more than four aliphatic carbon

[

atoms, at least three of the said groups contain-
ing only aliphatic carbon atoms; and the fourth
of the said groups containing no more than one
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phenyl radical and wherein X is an anion having
substantially no surface-activity.

14. A process according to claim 13 in which
the coagulating bath contains about 0.9 to about
3.0 millimoles of a water-soluble, quaternary am-
monium compound per 100 grams of bath, the
said quaternary ammonium. compound corre-
sponding to the formula

R2 +
[R;——I\II— Ra]X‘
R,

wherein Ri1, Rz, R3 and Rs are organic groups
which contain no more than four aliphatic car-
bon atoms, at least three of the said groups con-
taining only aliphatic carbon atoms, and the
fourth of the said groups containing no more
than one phenyl radical and wherein X— is an
anion having substantially no surface-activity.

15. An aqueous sulfuric acid spinning bath for
the spinning of regenerated cellulosic structures
from viscose, said bath containing from 1% to
15% zinc sulfate together with about 0.5 to about
10.0 millimoles of a water-soluble, quaternary
ammonium compound per 100 grams of bath, the
said quaternary ammonium, compound corre-
sponding to the formula

v T
[Rl——li— R; IX-
4

wherein R:, Rz, Ra and Ra are organic groups
which contain no more than four aliphatic car-
bon atoms, at least three of the said groups con-
taining only aliphatic carbon atoms, and the
fourth of the .said groups containing no more
than one phenyl radical and wherein X- is an
anion having substantially no surface-activity.
16. An agueous sulfuric acid bath for the spin-
ning of regenerated cellulosic structures from
viscose, said bath containing from 4% to 12%
sulfuric acid, 13% to 25% sodium sulfate, 1% to
159% zinc sulfate and about 0.9 to about 3.0 milli-
moles of a water-soluble, quaternary ammonium
compound per 100 grams of bath, the said quater-
nary ammonium compound corresponding to the

formula
Ra -+
[Rl—li—Rz]X"
4

wherein Ri, Rz, Rz and R4 are organic groups
which contain no more than four aliphatic car-
bon atoms, at least three of the said groups con-
taining only aliphatic carbon atoms, and the
fourth of the said groups containing no more
than one phenyl radical and wherein X- is an
anion having substantially no surface-activity.
17. An aqueous sulfuric bath for the spinning
of regenerated cellulosic structures from viscose,
said bath containing from 44, to 12¢% sulfuric
acid, 13% to 25% sodium sulfate, 1% to 15% zinc
sulfate, 1% to 5% ferrous sulfate and about 0.9
to about 3.0 millimoles of a water-soluble, quater-
nary ammoniam compound per 100 grams of
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bath, the said quaternary ammonium compound
corresp\onding to the formula

T
Rx—-li— R; IX-
4

wherein Ri, R2, Rz and R4 are organic groups
which contain no more than four aliphatic car-
bon atoms, at least three of the said groups con-
taining only aliphatic carbon atoms, and the
fourth of the said groups containing no more
than cne phenyl radical and wherein X— is an
anion having substantially no surface-activity.

18. A filament of regenerated cellulose having
a smooth surface, showing no appreciable crenu-
lation and having a core surrounded by a skin,
the ratio of the cross-sectional area of the skin
to the core being greater than one and the
boundary therebetween being diffuse.

19. A filament of regenerated cellulose having
a smooth surface, and showing no appreciable
crenulation, being composed of about 40% core
surrounded by about 609% skin, the boundary
therebetween being diffuse.

20. A filament in accordance with claim 18
characterized by a lateral order of about 18.

21. A process in accordance with claim 1 in
which the said quatenary ammonium compound
is benzyltrimethylammonium hydroxide.

22. A process in accordance with claim 1 in
which the said quaternary ammonium compound
is tetraethylammonium hydroxide.

23. A proc:css is accordance with claim 1 in
which the said quaternary ammonium compound
is tetramethylammonium hydroxide.

NORMAN LOUIS COX.

REFERENCES CITED

The following references are of record in the
file of this patent:

UNITED STATES PATENTS

Numker Name Date
1,683,199 Lilienfeld __._._____ Sept. 4, 1928
2,125,031 Polak _ . __ July 26, 1938
2,174,991 Masland - .____ Oct. 3, 1939
2,310,207 BleY - Feb. 9, 1943
2,340,377 Graumann et al, —____ Feb. 1, 1944
2,345,570 Bley oo Apr. 4, 1944
2,373,712 Schlosser _____.___. Apr. 17, 1945

- 2,412,969 Cramer __.__.._____ Dec. 24, 1946
2,517,694 Merionetal. _________ Aug. 8, 1950

FOREIGN PATENTS
Number Country Date
51,307 Netherlands __..___ Sept. 16, 1941
778,947 France . _.__..__.___ Mar. 26, 1935
OTHER REFERENCES
Berl et al.: “Cellulose Chemie,” vol. VII, #10,

pages 137 and 138, Oct. 3, 1926.

Reinthaler: Artificial Silk, D. Van Nostrand
Company, Incorporated, New York, 1928, pages
138-147,



21 22

Certificate of Correction _
Patent No. 2,536,014 December 26, 1950
NORMAN LOUIS COX

It is hereby certified that error appears in the printed specification of
the above numbered patent requiring correction as follows:

Column 1, line 8, for the word “or” read of; column 4, lines 18 and 21,
for “the ‘D” value” read the “D” walue; line 28, same column, for “the
- D” value” read the “D” value; line 26, for “increased ‘D” value” read increased
“D” walue; line 49, for “viscos” read wiscose; column 6, line 13, for “dif-
fused” read diffuse; columns 5 and 6, Table IA, in the heading to the last
portion thereof, for “—Na,S0,—” read —Na,80,—; columns 7 and 8, Table
IB, first line under the heading “Density” for “1.92” read 1.29; same line,
under the heading, “Orientation” for “7.4” read 7.0; column 7, line 45, for

“101” read 101; line 74, for “warn” read yarn; column 8, Table III, column 9,
Tables IV, V, and VI, under the heading “Yarn Properties”, seventh line,
respectively, for “Gel Swelling” read Gel Swelling g.; column 10, Table VII,
third column thereof, for “Ripened” read Unripened; Table VIII, second
column, for “Unripened” read Ripened; column 12, line 7, for “(8-15-15)”
read (8-14-15); column 14, line 1, for “beta-hydroxyethyl-am-” read beta-
hydroxyethyl )-am-; : ,
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 29th day of May, A. D. 1951.
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THOMAS F. MURPHY,
Assistant Commissioner of Patents,




