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ing.of _gel fibers, 1

roperties, o

s.vof teducing gel. swelling . are
obtain, still- further improyements
better and.more effec-

- 1My A L syelling. | An .object of  this
invention is, accordingly, to. provide.a process. of manu-
facturing regenérated.cellulose filaments having. very Jlow
gel swelling values, and. exhibiting, con: iderably, improved-
propeérties, particulagly . when. tw info.cord. ;: Another
object. is. to. provide. a.proces. :
erated. cellulose yarn.having. e .
properties. ' Yet a further object,is. ion . of..a
new route to a high tenacity, highly fatigiie-resistant
regenerated cellulose_fiber ‘having a non-crenulated sur-
face, and which gives high tenacity in twisted tire cord
stricfure A §till further object is to provide new and
highly' efféctive modifiers. Other objects will appear
hereinafter. ; e Lt e
These objects are,_accomplished by adding. -viscose:
breferably at least about 0.05% of.a soluble: salt of an
N-substituted - dithiocarbamic acid- and'. extruding _ the

résultant viscose intq an acid coagulating bath containing

about 1% to. about 15%. zinc. sulfate and stretching . the

resultant filaments, preferably in a- secondary,
By "soluble.salt of an N-substituted. dithiocarban
is meant a salt of an ‘N-substituteddithiocarbamic acid:
which dissolvés in 6%- aqueous éod_i’timf‘hydr'oxi‘de' to, the
eXtent of at.least 0.05%. - For this solubility,: these. modi-
ers should have no. radical having more than 18 carbon
adical. having more are too

atoms; those containing;a.,
insgluble. The preferred
substituted ~dithioarbaniz

more: than 10 carboi’ ator

or, illustrative p
it to, be conStrued, in_aiy’sensé a5 limitati
The .invention is génerally applicable to, the ‘prepal
of filaments, yarns; filins; caps; bands: ribbons an
structures of - régenerated. ¢ellulose biut,, for conve
is-discussed’ with particilar referénce o the prod

of viscose'rayon yarn. - .. < . . :
Gel swellings were determined in both yarn spun and

films- cast. from the--various viscoses. The numerical

values,;.of gel. swelling given below for various yarn
samples. were all determined according to the following
collected from the first

hot.- dip:

procedure. - The -gel yarn ‘was
feed wheel: without _stretch .and_ prior. to::th
bath by allowing the yarn to drop onto .4’ sg
cheese cloth for 3 minutes. The sample was centri
(3600 R. P:iM.) for 5 minntes and weighed. in. d.closed
bottle. - The -sample-was washed free-.of acid,. dried in
anoven at 105° C. and weighed, - The ratio,of the, gel
welght to .cellulose weight. (grams of igel. per gram’ of
céliulose) is'referred.to as the gel swelling (yain),  Vari~
ations may be. introduced in the procedure, ¢. g., in the"
stretch, spinning speed .or..length . of bath' travel, but
.introduce -only..minor changes in the numerical
f-yarn gel swelling,” - - T .
method of ‘detér:

frofii“filnis “cast” from the™ Viscoss,

erfiative

[

. determine

10

40

B ol

70

.mils, thick, cast on. a_ glass

aie,  were . coagulated - in 8.5%, sulfuric. acid—17%.
sodinm. sulfate—10% . zinc SUlfate. bath at.60°,.C, A
sample of each coagulated film was cut from the. center,
blotted . with,, absorbent, pulp, sheets .and_ weighed., Th
weighed samplés were then ‘washed fiee of bath acid and.
salt,. dried overnight at. 1057, C. and,geweighed. Gel
swellings_(grams,of gel film per, graiy ellulose), were,
d.for both modified ai films. .The
elling : of .th i ‘

ratio .of the gel sw

swelling of the unmodified viscose. film was, calculated.
This, numerical value was calléd the gel swelling ratio
(films). iar g

. i oo BREmPlEL o
- Viscose containing.0:15% of: sodiuin: cyclohexyl dithio-
carbamate is prepared.in -the following. manner using
5% -cellulose and:6.5%total sodium.hydfoxide. (5-6.5
viscose). ... Alkali- cellulose -aged-to . get. ‘the:.desired : vis-.
cose viscosity : (40 to 60. poises)’ is- xanthated. for.2%4 .
hours .using "43% CS;:.(based :on  air: dry: cellulose).:
Xanthate crumibs are. dissolved it -a- solufion  of -caustic.-
containing the modifiet in amounts:.to. yield the. concen-
tration mentioned-abové, ‘Affer. mixing: 3. hours. at 17°:
C. the freshly. prepared: viscose -is: filtered -while it is
cold, deaerated and kept at 4°-C..until.spun, i.. €., it is
spun. in. the -unripened state-as.shown by.:the. high salt
index value (16.0), high xanthaté:sulfur.content (1.35% )s.
and low. sodium-trithiocarbgnate content (0.35%).. In
all-examples.the caustic content: of 6.5%:.refers to -the-
total alkalinity.-expressed -as.- sodium - hydroxide... .It. in+.
cludes the free sodium_ hydroxide and that combined
in the form of sodium: carbonate, sodium trithiocar-
bonate, and sodium cellulose xanthate. L
~Thé viscose is spun-into- 1100 denier-720 filatent- yarn
by extruding through a-spinneret having holes of 0,0025"
diaméter - into »@}"pfirhar'y'-'-;éda’g’ijlja'tilingnd - Tegenerating:
bath, comptising '9.5% HsS04, 17%- NazSOs;-and 10%.
ZnSOq;: Tle yarn-is-givéna bath travel-of 41" by using-
a roller guide, The. appardtu§ and general procedure
used- 10 €xtrude’ visCosé-into-the bdth-and: t6 collect the -
formed-yarn aie essentially ‘thé -sime. 4§ those-used com-
metcially in flig’so-called bobbin: or spool-spinning proc-:
ess. ‘The specific conditions inclide a ‘bath temperature.
of 62°.C., and -4 first -feéd. wheel-speed:-of 480 inches
per minutg. ‘The filafienits are carriéd through- a'2%
acid bath’-at-98° .C. by d: sécond feed: -wheel rotating at’
such a speed as to give 100% stretch beyond the -fitst-
feed wheel. After stretching!’-the yarn is held at con-
stant length; either by multiple wraps about the second
feed..wheel ..or, between the second and a third feed
wheel, in such a manner that the yarn retains its stretched
length for 50 to 100 inches, before collection- at relatively
low tension .on a bobbin. _The resulting..regenerated:
gel yarn is washed free of acid and salt, and-then proc-
esséd. The yarns are slashed while wet and fwisted 3
turns per .inch and tested after conditioning £.767 °F.
and 56% relative humidity for 48 hours. - Somi of the
slaghed yarn s also plied to a cord of,,1100/2, construc-
tion, two strands of the.1100.denier yarn being .combined_
to. make the cord. The cords are then tested after being
conditioned.in.a fashion siniilar to’ the. arti,, « ;.. s+
The properties ofthe. yarn.and cord from'the. viscose
described . herein. are - listed...in...Table ... together,.. for.
comparison with those of unripened, unmodified viscose.

T VN T W
 TABLET.
‘Unripened, | Unripetiéd,
unmodified| modified
Babh Acid, percent ...l 0 g
Yarn Properties:--/: , . e .

Tenaeity, g./d., dry. -
Tenacity, g./d., wet-_.
Tenacity, g./d.;,loop:
Elongation, percent,.d
Elongation, percent, wi
El¢ngation, percent; loop.
Gel-swelling-(yarn) -
" Gel swelling ratio (film
Cord Properties: - -+ -~
Tenacity; £./d.; conditioned,
Tenacity, g./d., oven-dry___
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The acidity of the spinning bath is an important
factor in determining the gel swelling and resultant yarn
and cord properties from any viscose, and modified
viscoses generally require different acidities than do un-
modifed viscoses to obtain maximum properties. Selec-
tion of optimum acidity, of course, is a matter of simpie
experimentation for one skilled in the art. Spinning
the unmodified, unripened viscoses at the acidities used
for unripened, modified viscoses does not lead io the
improved properties attained by the process of this
invention.

The yarn produced by this and other examples has a
mamber of properties which distinguishes it sharply from
other regencrated cellulose yarn. The most readily
apparent modifications are the unsual cross-section and
surface features. For yarns prepared from unmodified
viscose spun into a zinc bath, a skin or outer shell which
swells to a different extent in water than that of the core
is visible. These yarn cross sections show both deep
and shallow crenulations around the contour of the fila-
ment. However, for yarns spun into zinc baths from
viscose modified with the dithiocarbamate modifiers of
this invention, the skin area is much greater, the bound-
ary between the skin and core is very diffuse and the
yarn has no appreciable crenulations so that the yara
has a relatively smooth surface. Such yarns are de-
scribed also in the Cox patents, U. S. 2,536,014, 2,535,044
and 2,535,045, issued on December 26, 1950, on appli-
cations filed December 14, 1946, April 26, 1947, and
April 26, 1947, respectively.

The fact that the filaments of the invention have
smooth surface and considerably lower secondary swell-
ing (water take-up by dried yarns) results in more resist-
ance to fibrillating, laundering, and fatiguing than ex-
hibited by normal crenulated viscose yarns.

Example 11

A 5-6.5 viscose (5% cotton linters cellulose—6.5%
total sodium hydroxide) modified with 0.25% sodium
amyl dithiocarbamate is prepared and spun in the man-
ner described in Example I, using a 10.5% sulfuric acid,
17.0% sodium sulfate, 10% zinc sulfate coagulating and
regenerating bath. The yarns are washed, slashed, and
some of the yarn was plied to a cord of 1100/2 construc-
tion. Yarn and cord properties are given in Table II,
along with those for a regular viscose control. It will
be noted that the yarn from the modified, unripened
viscose shows large improvements in cord strength and

fatigue resistance of the cord over yarn produced from ;

unripened, unmodified viscose spun under similar condi-

tions.
TABLE II
Uuripened,| Unripened,
unmodified| meodified
Bath Acid, Percent. -ooooooomcerooemcaeen 8.2 10.5
Yarn Properties:
Tenacity, g./d., Ay . cocoo e 4.66 4.63
Tenacity, g./d., wet. . 3.15 2.55
Tenacity, g./d., loop- .- 3.51 3.67
Elongation, percent, dry. 9.8 12.3
Elongation, percent, wet. 17.6 21.6
‘Elongation, percent, loop 7.5 10.2
Gel Swelling (yarn) 2.79 2.31
Cord Properties:
Tenacity, g./d., conditioned 3. 66 4,13
Tenacity, g./d., oven-dry....- - 4,12 4,42
Fatigue, Minutes. .cocrooeemeancooaomoan- 119 545
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TABLE IIl
Unripened,| Unripened,
unmodified| modified
Bath Acid, Percent. . - ocnmoco e 8.2 8.5
Yarn Properties:
Tenacity, g./d., dry . ooeeeoiiie e 4,66 4.77
Tenacity, g./d., Web. ocomoomm oo 3.15 3,33
Tenacity, £./d., 100D .o o o 3.51 3.88
TElongation, percent, dry.- - 9.8 12.9
Elongation, percent; wet. 17.6 25.1
Elongation, percent, loop 7.5 10.3
Gel Swelling (yarn) .-~ 2.79 2.13
Gel Swelling Ratio (film) 1.0 0.38
Cord Properties:
Tenacity, g./d., conditioned 3.66 4.10
Tenacity, g./d., oven-dry...-- - 4.12 4,39
Fatigue, MINUtes .ocuooeeommeaanecean 119 349

Example IV

A 5-6.5 viscose (5% cotton linters cellulose—6.5%
total sodium hydroxide) modified with 0.06% sodium
hexamethylene bis (dithiocarbamate) is prepared and
spun in the manner described in Example I, using a 9.5%
sulfuric acid, 17.0% sodium sulfate, 10.0% zinc sulfate
coagulating and regenerating bath. The yarns are washed,
slashed, and part of slashed yarn was plied to a cord
of 1100/2 construction. Yarn and cord properties are
given in Table IV, along with those for a regular viscose
control. It will be noted that the yarn from the modi-
fied, unripened viscose shows large improvements in
cord strength and fatigue resistance of the cord over
yarn produced from unripened unmodified viscose spun
under similar conditions, even though the dry yarn
tenacity of the modified item is actually lower than that
of the control. This may be attributed, in part, to the

greatly improved elongations.
TABLE IV
‘Unripened,| Unripened,
unmodified| modified
Bath Acid, percent. ..o eeee 8.2 9.5
Yarn Properties:
Tenacity, g./d., Ay eemuomoaeme - 4,66 4.05
Tenacity, g./d., wet__ 3.15 3.26
Tenacity, g./d., loop_..- 3.51 3.40
Elongation, percent, dry.. 9.8 13.7
Elongation, percent, wet. 17.6 26.1
Tlongation, percent, l0op- 7.5 1.8
Gel Swelling (yarn) ... 2.79 1.97
Gel Swelling Ratio (film).. 1.0 0.33
Cord Properties:
Tenaeity, g./d., conditioned 3.66 3.84
Tenacity, g./d., oven-dry... 4,12 4,24
Fatigue, minutes . .o.cowoeoocmoommranaann 119 445

Example V
A 5-6.5 viscose (5% cotton linters cellulosz-6.5%

5 total sodium hydroxide) modified with 0.3% potassium

pentamethylene dithiocarbamate is prepared and spun in
the manner described in Example I, using an 8.5% sul-
furic acid, 17.0% sodium sulfate, 10.0% zinc sulfate
coagulating and regenerating bath. The yarns are
washed, slashed, and part of the yarn plied to a cord
of 1100/2 construction. Yarn and cord properties are
given in Table V, along with those for a regular viscose
control. Tt will be noted that the yarn from the modified,
unripened viscose shows a large improvement in cord

Example 111

A 5-6.5 viscose (5% cotton linters cellulose—6.5%
total sodium hydroxide) modified with 0.16% sodium
butyl monoethanol dithiocarbamate is prepared and spun
in the manner described in Example I, using an 8.5%
sulfuric acid, 17.0% sodium sulfate, 10% zinc sulfate
coagulating and regenerating bath. The vyarns are
washed, slashed, and a part of the slashed yarn plied to
a cord of 1100/2 construction. Yarn and cord properties
are given in Table III, along with those for a regular
viscose control. 1t will be noted that the yarn from the
modified, unripened viscose shows large improvements in
cord strength and fatigue resistance of the cord over yarn
produced from unripened unmodified viscose spun under
similar ‘conditions.

85

strength over cords from yarn produced from unripened
unmodified viscose spun under similar conditions.
TABLE V
Unripened,| Unripened,
unmodified] modified
Bath acid, pereent. - . o ocoerooe e 8.2 8.5
Yarn Properties:
Tenacity, g./d., Ary - e e 4.66 4.62
Tenacity, g./d., Webo e e 3.15 3.25
Tenacity, g./d., 100D e 3.51 3.52
Elongation, percent, dry.... - 9.8 13.5
Elongation, percent, wet..__ - 17.6 26. 4
Elongation, percent, loop_._. - 7.5 10,4
Gell Swelling (yarn) ... - 2.79 2.20
Gel Swelling Ratio (flm) ... oomrnnanan 1.0 0.71
Cord Properties:
Tenacity, g./d., conditioned__. 3. 66 4.08
Tenacity, g./d., oven-dry. - 4.12 4,48
Tt has been demonstrated in the foregoing examples

that the dithiocarbamate modifiers markedly reduce gel
swellmgs and that the reduction in gel swelling is accom-
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~paniedicbyuinoreases iniyarniand cord:iproperties. “In
. particular, it has been shown that the modifiedayarns
swithelow: gel iswelling: give: sxmuchchigher conversion of
~yarmstrengthtto:cordsstrengih than «do: yarns from:tin- _
modified viscose. ‘ :
-Manyrother :salts of idithiocarbamic: acid:are .suifable
modifiyinguagents;iaccording :toithis invention,”which'.is
snot:ilimited « toxithe rspecificrexamples: cited> previously.
- The effectiveness: )

1

of :acoumber ©0f-these: dithidcarbamates
scam-bevshown :by:ithe reduction-of: gel: swelling .in films {'10-
sprepared? sfromomodified: viscoses. - Ten 5-6.5 viscoses B
are .prepared.vascindExample: Ioand :modified - with *the
wagentsishown in: Tablé VL. » Films are:cast from :the vis-
veesetin the imanner described: previously: and: gel 'swelling
rratipsoaresdetermined. 2 In’ this:case the i
is 8.5% sulfuric acid, 17:0%sodium:sulfate and 10:0%
~ginc sulfate, :The:> geliswellings iiso:-obtained: are .much
«lower thanufor sthe:aécompanying icontrol;. from:.un-
zmodified: viscose,:asshowntby the:gel swelling ratios:in

coagulating:bath <15

6
‘phenoxyethanol, sméthoxyethoxyethanol, :butoxyéthoky-
rethanol b phenoxyéthoxyethatiol Vitetraethylene glycolodi-
:methyl'ir«ether,i;=diethylen¢liglycql':diethyl;i'et«l'x‘er,'-’Zethyle‘ne
‘glycol.diethyl ether;-triethylene glycol diethyl ether, tetra-

5 methylene: glycol diethyl :éther, i trléthylene  glycol:tdi-

methyl: ether:-and:the ilike which: exhibit:tsolubility:1in
6% ‘aqueous: causticrsodasto atleast 1% andssolubilitysin
‘the coagulating:bath:not in-excess-0£.0.5% -'Also; poly-
‘ethylene glycol:liaving.a molecular weight ofifrom 300 to
1;000=more:or less:may ‘alsobe mixed ‘with the dithio-
carbamates modified viscose of-this investioncto prodice
improved yarns.or-other regenerated cellulose:strictiires.
JIn some.cases, a:combination of ‘three 'of more modifiers
-such. as. illustrated: by -Example- VI:that: follows: maysbe
-incorporated. -in::the" viscose vand $pun-<with: excellent
-results. : ) ’

i ‘Exawple VI

A 5% cellulose—6.5 % ‘sodium: hydroxides viscose is

ithe table. L20-modified with: 0.1% ‘sédium oyclohiexyl: dithiocarbarate,
: : ITABEE-VI :0.5% - butoxyethanol iand +0.2% :polyethylene- ilyeol
= M W.=2300). . The viscose preparation, spinning yarn
N ‘Gel:Swel- purification. and: slashingzand® yarn:- andscord:testing: were
+ Modifying:Agent 1,‘?%&%“’ ag'specified rin’ Example 1. :Dry:tenacity ‘of ‘the yarniis
. ©25iabout 4.9 g./d: and the cord ténacity.'is:iabout.4.2:.g/7d.
Noe ’ L0 vas compgred‘:withx 4.6:g./d..and’ 3.6 g#d. for.unmodified
+8.58% sodium metliyl dithiocarbamate 0.81 -yarn an(! cord .respe.c_uvel.y.:_ S e
- 024% sodinm:benzyl dithiacarbamate. . .. 0.:51 -The wviscose:used in the process-of- the inventionvmay
fgg,2l»%sogiumv %tlglylpr}e fllJis (ditg,igcinbgl_na,te% -------- <081 - -be.a variety ‘0f ‘types;-for .example,-it:may be From:wood
{22 sodiom: L yclohesane B (Cthlociriits %4130 pul, cotton.Linters, mixturcs;of the wo, or even other
0.22% sodium dimethyl dithiocarbamat 057 ‘types of cellulose. :Thezcompesition:of the viscosesmay
8%’ 595}“}»-?10¢t¥1d@tiﬁbi°¢&£baql%te- 8‘ 32 «also:be "varied: 'widely. For:exambple, it’say -have:a
V04307 Tithium oy olghexyl Gyhloear bamiate T I ‘o1 cellulose content. of from: 4%itt0:10% or-even:more:and
«080%rsodium idithiocarbamates of the:following mixtures . van- alkali content-of (from 4% 10'9% ‘or :mote. -The
- i10%. hexadecyl;: 10%. octadecyl; 35%- octadecenyl; 45% - o-ge” 35 "standard - viscoses. of the vindustry, i.te., /those:having
"~‘octadecadienyl 08¢ - between: 5% and 7% icellulose and betweern: 4% and 7%
) - za!kali,fé?are;p'rt;'felfablyi‘uged. “The vamount: of:-carbon
..In":addition~to'*the already ~named * dithiocarbamates disulfide used. in xanthation: can”be-from: 25% 101 50%

: (based on ‘the recoverable::bone-dry-cellulose). i<t thas
40 “been found:that: higher: than*normal: xanthate sulfur con-
tents  (higher salt indices) can-be wused:in :the”viscose
-when the" dithiocarbamates described -herein: areaddéed
vand ‘there appears to’ be an:advantage .in “stretchability
tand level of yarn'properties:if: salt indices higherd than

“there aresmany-others that can-be used. ‘Included among .
“these-additional-modifiers-are' sodium hexamethylene “bis -
‘{isobutyl*dithiocarbamate) ; sodium ‘ethylene bis (methyl
tdithiocdrbamate) ; “sodium 1,4=cyclohexane bis. (ethyl. di-
“thiocarbamate) ; sodium: xylylene bis- (dithiocarbamate),

sand ‘the-like. Can
-While the majority-of ‘the -cited- modifiers’ have been ™ %°
~uséd -as-the~sodium-salt,” the: invention “is*-not* limited
rthereto. “Any-soluble: $alt - of ‘the “dithiocarbamate ‘may
~be' uséd. " Thus, ‘the-salt-‘may-be ' a ‘sodium, lithium,
:potassivm; ammonium;or-an-amine-salt. ‘The preferred .
~modifiersare’“the. dlkali salts: of :mono--or- di-N:substi- ‘50 -
“tutéd “dithjocarbamic- acids- containing’ no-more’ than 10
~carbonatoms in _any radical- and -in'‘which’ the -nitrogen
“is*gttachéd to: aliphatic’ carbon. -
¥The 'dithiocarbamate »modifiers - for -éffective results
*shouildbezuséd in-'the” viscose -in- concentrations' of at 33
“fedst-abont: 0:05%, and, in general, it is unnecessaryto
«nse~more ‘than 0:75% of agent, a’generally useful range
being about 0.05 to 0.3% by weight of viscose. The
~optimunr concentration-of-any-given -agent depends-on its
-Effectiveness; on its ' molecular-weight, and-on its stability, ' 60
For+example,’ larger - concentrations -of sodium dibutyl
“dithiocarbamate -are~needed"than ‘for sodium - hexameth-
~yleng* bis/-(dithiocarbamate). "It .also depends to some
,mextenton::process variables such as the spinning speed, .
‘since-athigh-spinning 'speeds used in industrial practice, ' 65
less agent is desired ‘than‘at lower speeds, for the reason
$that'the rate 'of neutralization of the filament should be
-setafdéd«only to’‘the -extent  compatible with complete
coaguldtion ‘during:the-short time the filament is in con-
sactuwith the=coagulating: bath. ' Determination of the " 70
=optimum concentration'ofthe dithiocarbamate compound
is a matter of simple experimentation’ for those skilled
mimvithevart. : . .
~.zAs-shewn: in the: examples,” the “weighéd ‘amount ‘of .
the modifier may be added to!the -caustic used’ in:con- 75
iverting the ¢xarithatecrumbs:to viscose ' or "to -already
sprepared sviscose. |Tt:is:obvious' from this 'that the con-
trolled weights of modifier-could: also-be .added to.the
cellulosic components being converted into viscose such
as the cellulose,.alkali.cellulose. or-xanthate- crumbs,  “80
The “dithiocarbamiate mddifiers may be uséd alone or
in admixture Wwith:certain: 6ther: compounds which aug-
ment. the modification action and. which in -themselves
smgy*-bermodifiers. Such compounds include .a:nuniber .

-of~ether modifiers, such-as;-ethoxyethanol, butoxysthanol, 85 *

“eontain sulfuric acid-and-zinc ‘sulfate. . Zing :sulfate:

-ually present -but is not essential.

ferrous sulfate.
“from the standpoint of practical spinning speéds, réduc-
-tion._in. gel swelling, and extent of modification of phy-

5 are used. Tt is mecessary to use30% or greater amouniits

-of carbon disulfide -to obtain salt indices' of 5 -or-over
“in unripened ‘viscoses.

While the use of unripened viscose is of -spécial: ‘in-

“terest -in - the*process:of this ‘invention, it ‘can beshown

that .considérable improvemerits :in- gel swelling- are: also

:obtained with normally ripened viscose] thus:demonstrat-
-ing that ‘the process is directly -applicable * to- existing
-plantpractice. "For:example, a 7-6 viscose‘containing
32% CSz and 0.25%: sodium ‘eyclohexyl dithiocarbamate

is prepared. In’this casej however; the viscose is ripened
as ‘is done for ‘normal visceseto a:isalt:iindex “of 4.5
(xarithate. sulfur’ 1.05%). } Films:are:castfrom the:vis-

‘cose in!the manner: described previously ‘and gel swellings
~are-determined.

In"‘this :case:the :coagulating’ bath'is
8.9-17-10 (H2SO4+—NasS0:—LZnSO4). : The:gel:iswell-
ing’:so -obtainedis’ 88% ' of:-that6f an accompanying

~control from unmodified: viscose.

"The spinning baths suitable for use:'in ‘the:ifiveéhtion
isian
essential :component: of ‘the’ spinning “bath: since,! in'-its
absence, ‘the "dithiocarbamate compounds have’ no’ effect
on spinning and: yarn properties. - Sodium- stlfateis us-
Tf desired,  additional
salts of;divalent-metals known'to reinforce-or supplement
the action of zinc' sulfate may be used, such ‘as-ferrsus
sulfate, manganese sulfate, or‘nickel sulfate; particiflarly

-the first-named -salt. . The ‘use" of ‘these-divalent: metal
“salts~makes it -possible ‘to -use:'smaller -amounits - of ' zinc

sulfate than are necessary in their absence. = Préferably,
the spinning bath contains from 4% to 12% of sulfuric
acid, from 13% to 25% of sodium sulfate, and from' 1%
to 15% of zinc sulfate, optionally with 1%- to about 5%
The optimum- quantity of zinc sulfate

sical properties of yarn appears-to be 3% to 10%. The

.foregoing examples have demonstrated” the marked: re-
“duction in gel swelling caused by the spinning’ of 5-6.5
. viscoses: containi

ng: dithiocarbamates ‘into 10% * zinc:sul-

fate~baths. “Similarly, fitms *cast “from “5%6!5 * viscose
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modified with 0.21% sodium cyclohexyl dithiocarbam-
ate, will give a gel swelling only 57% of that from
an accompanying control from unmodified viscose when
both are cast in an 8.5% H2S04+—22% Na2S0s+—5%
ZnSOs bath. With the addition of dithiocarbamates to
viscose, it is possible to obtain excellent yarns in the
upper range of bath acidity under which conditions nor-
mal unmodified viscoses give yarns of decreased quality.
The temperature range of best spinnability is from 40°
C. to 75° C. On the basis of available data, it is desir-
able to have the bath acidity as low as is practical for
a given spinning speed in order to get optimum filament
structure and yarn properties. Each of the above con-
centrations should be adjusted to each other and to the
composition of the viscose. It is desirable to use as
high a total solids content as possible in the coagulating
bath to give the highest degree of gel shrinkage and im-
proved stretchability.

The filaments may be given a long travel of 130 to
250 inches in the primary bath by means of a multiple
roller setup which gradually applies tension to the travel-
ing filaments and thereby orients them while they are still
plastic. The preferred method, however, is to apply a
part or all of the stretch beyond the primary bath in a
secondary bath or to use a combination of air and hot
bath stretch. The secondary bath may consist simply
of water or of dilute (1% to 3%) sulfuric acid, or it
may have the same composition as the coagulating bath
but at a greater dilution, e. g., one-fourth of the con-
centration of the coagulating bath. The thread can be
given a travel of 10 to 50 inches in the secondary bath
of hot water or dilute bath. The temperature of the
secondary bath is preferably between 50° C. and 100° C.
Stretches of 80% to 100% are preferred for producing
high tenacity yarn and 20% to 30% for textile type
yarns. When using the two-bath spinning system, the
preferred procedure is to draw off the freshly coagulated
gel yarn with a feed wheel speed equal to or less than
the jet velocity and to apply all of the stretch between
positivly driven rollers traveling at different speeds. The
amount of stretch applied depends on the properties
desired for the yarn. The bobbin process has been used
in the example, but it is immaterial whether spinning is
by bobbin, bucket, or continuous Processes. The yarn
cake is washed free of acid and salt and then dried under
tension. - If preferred, it may be twister- or slasher-dried
to enable the dry clongation of the finished product to be
controlled.

Spinning may be carried out with the aid of spinning
tubes such as described in Millhiser U. S. Patent 2,440,057
or Drisch et al. U. S. Patent 2,511,699. These tubes of
relatively small diameter and of substantial length con-
fine the bath and filaments in their critical stage of for-
mation so that no substantial tension is imposed on the

filaments because the speed of concurrent bath flow is 3

maintained only slightly below the speed of the filament
bundle passing through the tube. It is thus possible to
materially increase the rate of spinning over methods
earlier described without substantially sacrificing the de-
sirable properties set forth above.

The novel and improved yarns obiainable through the
process of this invention casn, in general, be used instead
of regular regenerated cellulose fibers for any purpose
where the latter are finding applications, more particu-
larly in the textile and tire cord industries. The produc-
tion of yarns having smooth (non-crenulated) surfaces
is highly advantageous, for such yarns have very high
strength and improved soil and abrasion resistance. The
combination of high tenacity and high fatigue resistance
represents a material advance and a new type of re-
generated cellulose article.

Any departure from the above description which con-
forms to the present invention is intended to be included
within the scope of the claims.

I claim:

1. A process for the production of regenerated cellu-
lose articles which comprises adding to viscose a soluble
salt of an MN-substituted dithiocarbamic acid and ex-
truding the resultant viscose into an acid coagulating
bath containing about 1% to about 15% sinc sulfate.

2. A process in accordance with claim 1 in which said’

dithiocarbamate is sodium cyclohexyl dithiocarbamate.
3. A process in accordance with claim 1 in which said
dithiocarbamate is sodium amyl dithiocarbamate.
4, A process in accordance with claim 1 in which said
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dithiocarbamate is sodium -butyl- monoethanol dithio-
carbamate.

5. A process in accordance with claim 1 in which said
dithiocarbamate is sodium  hexamethylene bis (dithio-
carbamate).

6. A process in accordance with claim 1 in which said
dithiocarbamate is sodium benzyl dithiocarbamate.

7. A process in accordance with claim 1 wherein the
amount of zine sulfate is from about 3% to about 10%.

8. A process in accordance with claim 1 in which the
said acid bath contains about 4% to about 12% sulfuric
acid and about 13% to about 25% sodium sulfate.

9. A process in accordance with claim 1 in which the
said acid bath contains about 4% to about 12% sulfuric
acid, about 13% to about 25%-sodium sulfate and about
1% to about 5% ferrous sulfate.

10. A process for the production of regenerated cellu-
lose articles which comprises adding to viscose a soluble
salt of an N-substituted dithiocarbamic acid containing
no radical containing more than 18 carbon atoms and
extruding the resultant viscose into an acid coagulating
bath containing about 1% to about 15% zinc sulfate.

11. A process in accordance with claim 8 in which the
said dithiocarbamic acid contains no radical having more
than 10 carbon atoms.

12. A process for the production of regenerated cellu-
lose articles which comprises adding to viscose up fo
about 0.5% of a soluble salt of an N-substituted di-
thiocarbamic acid and extruding the resultant viscose
into an acid coagulating bath containing about 1% to
about 15% zinc sulfate.

13. A process for the production of regenerated cellu-
lose articles which comprises adding to viscose up to
about 0.5% of a soluble salt of an N-substituted dithio-
carbamic acid and regenerating the resultant viscose by
extruding it into an acid bath containing about 1% to
about 15% zinc sulfate, thereby reducing the gel swelling
ratio of the resultant gel structure to less than 1.0.

14. A process for the production of regenerated cellu-
lose structures which comprises extruding into an acid
coagulating bath viscose containing a measured amount
of a salt of an N-substituted dithiocarbamic acid which
salt is soluble in 6% aqueous sodium hydroxide to the
extent of at least about 0.05%, said bath containing
about 1% to about 15% zinc sulfate.

15. A process for the production of regenerated cellu-
lose articles which comprises adding to viscose an alkali-
metal salt of an N-substituted dithiocarbamic acid and
extruding the resultant viscose into an acid coagulating
bath containing about 1% to about 15% zinc sulfate.

16. A process for the production of regenerated cellu-
lose articles which comprises adding to viscose about
0.05% to about 0.5% of a soluble salt of an N-substi-
tuted dithiocarbamic acid; extruding the resultant vis-
cose into an acid coagulating bath containing about 1%
to about 15% zinc sulfate; and stretching the resultant
formed article about 20% to about- 100% during
spinning.

17. A process for the production of regenerated cellu-
lose articles which comprises adding to viscose about
0.05% to about 0.5% of a soluble salt of an N-substi-
tuted dithiocarbamic acid and extruding the resultant vis-
cose into an acid coagulating bath maintained at 40° C.
to 75° C: which contains about 4% to about 12% sul-
furic acid, sbout 13% to about 25% sodium sulfate
and about 3% to about 10% zinc sulfate.

18. A process in accordance with claim 1 wherein
said N-substituted dithiocarbamic acid contains a cyclo-
hexy! group attached to said nitrogen (N) atom.

19. A process in accordance with claim 1 wherein
said N-substituted dithiocarbamic -acid is a mono-N-
substituted dithiocarbamic acid.

20. A process in accordance with claim 1 wherein
said N-substituted dithiocarbamic acid is a di-N-substi-
tuted dithiocarbamic acid.

21. A process in accordance with claim 20 wherein
said disubstituted dithiocarbamic acid contains a methyl
group attached to the nitrogen atom.
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