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The present invention relates to the manufac-
ture of artificial filaments and provides a novel
process. In particular ‘the invention relates to
the manufacture of artificial yarn admirably

adapted for use as reinforcement in the manufac.- -
ture of rubber goods such as automobile tires and .

especially adapted for use in heavy-duty truck -

tires and the like.

The yarn produced by the-

process of the present invention exhibits fatigue: -

resistance, as indicated by the bend test de-
scribed hereinbelow, higher than any yarn here-
tofore manufactured of which we are aware.
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teristics to the product and to insure successful
spinning.

The usual concentratlon of analytically deter-

‘minable cellulose in the viscose or spinning solu-

tion is approximately 7.5%. The usual viscosity
of the spinning solution is, as determined for in-
stance by -the time of fall of a %'’ steel ball
through 15 cm. in a viscosity tube of 1.4 cm. di~
ameter (test made at"20° C.), about 30 seconds
(46.5 poises). In commercial operation the cel-

“lulose concentration may be as low as 7% or as
" high as 8% or 8.5%, and in such instances the

It is therefore an object of the present inven-

tion to provide a process for the manufacture of
artificial filaments of unusually  high fatigue
resistance. ;

It is a further object of the present invention
to provide a novel process for the manufacture of
thread or yarn from purified or refined chemical
wood pulp.

t has been thought necessary in the manufac-
ture of artificial filaments suitable for tire cord
to use cotton linters as the source of cellulose.
The process of the present invention produces ar~
tifieial filaments of quality suitable for tire cord
manufacture and in said process purified or re-
fined ¢hemical wood pulp, a cheaper raw material
than linters, may be used as the source of cellu-
lose. By the use of said process it is possible to
produce a product which exhibits resistance to
fatigue greater than that of any wood pulp prod-
uct or any cotton linters product heretofore
available. Thus the present invention not only
offers the decided economical advantage of mak-
ing it possible to use the less expensive wood pulp
as a raw material, but it also makes available to
-the industry a product of improved quality. -

In the customary manufacture of artificial fila-
ments from refined chemical wood pulp or from
-cotton linters or blends of the two, the raw mate-
rial is usually steeped in a caustic soda- solution
of mercerizing strength, normally about 18%,
pressed to remove a certain amount of the- caus-~
tic soda and shredded preparatory to the xantha-
tion step. After shredding, the alkali cellulose is
“niormally aged for a definite period of time in or-
der to establish a desirable spinning viscosity in
the spinning solution. The aged or unaged al-
kali cellulose is then xanthated by treatment with
carbon disulphide. The xanthated cellulose is
then dissolved in dilute caustic soda to form the
gpinning solution which is ordinarily known as
viscose. .Prior to spinning, the vscose is normal-

y ripened and filtered to impart desired charac--
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aging period of the alkali cellulose must be suit-
ably adjusted to establish the usual spinning vis-
cosity. In the use of any of the usual spinning
methods it is ‘not possible to secure successful
spinning of viscose solutions having cellulose con-
tent below 6.5% because as the cellulose content
is lowered the filaments produced become increas-
ingly discontinuous, harsh, brittle and weak.
This condition is emphasized if it is attempted to
subject the filaments to substantial stretching
between godets. Examples will be cited herein of
attempts to spin viscose -containing less than
6.5% cellulose in accordance with usual spinning
methods. A concentration of above 8.5% is not
normally used because of the tendency toward
high viscosity and the necessﬁ;y for unduly long
aging periods.

“We have discovered that by combining a num-
ber of changes over the usual spinning processes
we are enabled to produce from refined wood pulp
filaments having fatigue resistance as high as, if
not higher than, that exhibited by the best arti-
ficial filaments heretofore produced, irrespective
of the source of the cellulose used, while in the
use of cellulose from any particular source our
process.provides marked improvement in the fa-
tigue resistance of the resulting filaments.” Ac-
cording to our invention such artificial filaments
are produced from viscose of very low cellulose
concentration, namely in the range from some-
what more than 3% to about 6.5%, which is ad-
justed to normal spinning viscosity and is spun
under specific. conditions to be set forth herein
into a special setting bath and is subjected to con-
siderable stretching between godets.

The range of cellulose concentrations within

‘which the advantageous results of our invention

may be secured in varying degree constltutes an
entirely new range for thes pmnmg of viscoses
into filaments of high fatigue resistance. A set-
ting bath which is characterized by its content of
not substantially less and preferably more than

'25% of zinc sulphate is essential to-successful
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spinning within this range. Toward the upper
end of our range the unusual characteristics of
our yarn become rapidly less apparent, and when
cellulose concentrations of the usual range of T%

4

greater very little difference exists. The results
on skeined and coned yarn have also been aver-
aged.

We have also shown af, the bottom of Table I

to 8.5%, are, employed no unusual.results are j characterlstlc average bend tests upon yarn
achieved. Toward the lower end of our range, spun in accordariée with our process dnd under
specifically that portion of the range in which the ‘condltlons identical with those in the upper por-
cellulose concentration is below 4%, the unusual tion of the table, except that the viscoses were
characteristics of our yarn again ‘beconie less prepared from a raw material comprising 100%

apparent. 10 cotton linters.

Table I
Test No__. o1 2 3 4 5 6 7 g | o
Cellulose; Per-cent. .. oooemmcwoaman= 4.0 45( 49! 51 6| 65| 70! 75| 83
NaOH, per cent. 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5
Aging ’I‘emp iy OC e 20 20 20 20 20 20 20 20 20
Aging Time, Hrs. 3 11 19 19 35 43 51 59 67
VISCOSIEY . o oo ccmmmeem ool o iabeam e N N N N N N N N N
Stretch per eent between godets ——- 77 77 77 77 77 77 77 77 77
Tension in grams between godets 434 514 320 424 413 398 389 413 436
‘Ripéning Temp., 2CLnmemmennn 19 19 19 19 19: 19 19 19 19
Ripening Time, Hrs. 48 48 48 48 48 48 48 48 48
Ripening Index .. ©10-12 |110-12 | 10-12 | 10-12 | 10-12. | 10-12.| 10-12 | 10-12 |-10-12
" Strength—dry, g./d - .- 3.9 | 3.49| 3.12| 3.42| 3.39] 3.41| 8.41.| 3.43| 3.55
Strength—wet, g./&. . cccc e Jdo2.22] 222 224 244 221 212| 215% 215} 219
Extensxblhty—dry, per cent.._ 1761 20.8|:19.3 | -20:4) 21,0 20.3 | 20.0 20.0| -17.2
Tensile factor 127.4 | 161.0. |- 134.9 |-170.3 | 157.4 | 146.6 | 146.6 | 147.5 | 133.9
Bend—skeins_ 466 425 440 336
Bend-—cones. - 467 420 353 201
Average. _ .- 467 | 422 396 268
. Nore~Al above yarns prepared from_woodipulp.
Average bend : test when 100'7 Cotton {.

Linters used as raw material. .a_ ................ 1,583 |omomer|meann 1,088 |eioecfeeamman 498 |_._..

1 Normal (averagmg 30 seconds, i. e., 46 oises)
2 Balaczynskx Maturlmeter 12. 5% NH,CL

In Table I there 1s set forth a series. of, nine
tests in wh1ch wood pulp viscoses.of normal vis-
<osity were spun- into. a settlng bath character-
ized as above through spmnerets havmg ‘openings

~
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of. our: preferred dlameter and sublected to a |,

hlgh degree of . stretch .in . this mstance 71%.
These nine tests. dxffer from each other only in the
percentage of cellulose contained in the. viscose
-ang in the aging. penod of the alkali cellulose
Thus Table.I shows.the effect of. var1at1ons in
cellulose concentratmn of viscose spun under, our
preferred ‘conditions ‘which will be .more fully
discussed. hereinbelow. . It w1ll .be .observed that
‘tests were made with viscoses ranging in. cellu-
lose concentration, from 8.3%. down to 4%. .
this Table Iasin all. of the other tables and. exam-
'ples in this specification the fatigue ‘resistarice
is measured by using. the Schopper ‘bending tester
D. P, 5,.in -which fhe; .yarn, cond1t1oned at 48%
relatlve hum1d1ty and 78° P., is claniped between
two jaws and.a wexght of 0 375 gram per, denier
.applied directly by lowering a cam supportmar
the bottom jaw, thé yarn being then bent for-
wards .and backwards. through i80°, 120 tlmes
,(cycles) per minute until it breaks. The num-
“ber of cycles automat1cally registered is the bend
'test

inversely proportmnal to the load apphed to the
thread it is understood. that, comparison has to
_be_made within the same denier range thh the
same number of ﬁlaments and with the same Joad
per denier. The. demer range of the yalns whose
tests are shown in: thesn tables. is beuween 1151)
‘and. 1250; with 480 filaments, and-the load’ per
denier is 0. 375 gram.

. Bend tests are glven for yarn 1n skems and yarn
Wound on cones. It will be observed in Table I
.that in the lower ranges of cellulose concentra—
tion the yarn wound on _cores exh1b1ts ‘nitich
hlgher fatigue re51stance than that in skems
whereas in celiulose concentrations of 6% and
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75 accordaniée ‘with usual practice.

Trom a consideration of Table T it will be ob-
served that optimum fatigue resistance is secured
in a yarn spun from-a viscose solution of normal
,spmnmg v1scoslty containing 4.5% ‘analytically
determinable cellulose. It also will be observed
that the fatigue resistance of yarn spun under
the same conditions from viscoses having cellu-
lose concentrations within the range of 7% to
8:3% is very much lower than that of yarn spun
“from viscoses havmg cellulose concentrations
within our new- Tange, It furthermore will be
vobse_rved ‘that as the cellilose concentration is
lowered progressively to 4.5% there is a sharply
increasing rate of improvement in fatigue resist-
‘ance of the yarn and that further loiwering of
cellulose: concentration is accompanied by a de-
-crease in fatigue resistance. However, the fatigue
resistance of yarn spun from viscose having cellu-
-Tose concentration of 4%, for example, although
lower than that :of the 4.5% ydrn is still very
.much _higher. than.that of any yarn within the
range of 7% t0 8.3%. .

The following group of spec1ﬁc examples of the
.pracess . and product of -our invention is taken
from TableI:

. Example 1—A v1scose solutmn of. normal spm-
. nmg viscosity of approximately 45 poises is pre-
pared by the usual steps of steeping, shredding,
xanthatmg and d1ssolv1ng a.chemical wood pulp
.(for. example, that sulfite wood . pulp sold under
the trade name “Tenacell” by Riordon Sales
Qorporation Lid., of ‘Montreal, Canada). This
viscose solution is so prepared that it contains
4.5% analytically detérminable cellulose and 6.5%
NaOH, and in ‘order that normal spinning vis-
_cosity may be obtained the alkali cellulose is aged
“for 11 hours 4t a temperature of 20° C. The vis-
,<c051ty thus éstablished is about 46.5 p01ses which,
‘as, dlscussed above, is the normal viscosity for
'spmmng rayon from a 7. 5% cellulose viscose in
In- this specifi~
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cation and in the appending claims the words -

“normal -viscosity” mean a viscosity of approxi-
mately this value. The viscose is ripened for 48
hours at a ripening temperature of 19° C., during
which time suitable fAltering takes place, and is
spun under the following conditions: a spinneret
having holes of .0025" diameter is employed and
the viscose emerges from the spinneret into a
setting bath containing from 8% to 9% sulphuric
acid and 4% zinc sulphate, the specific gravity at
20° C. of said setting bath being 1.30. ‘The yarn
emerging from the spinning bath is then
stretched between godets at elevated temperature
in a manner well known in the art. Preferably a
high degree of stretch is imparted, and we have
found it desirable to stretch the yarn about 77%
with a temperature in the intermediate bath of
about 87° C. We have also found desirable a 20"’
immersion in the setting bath and a 17’’ immer-

sion in the hot water or intermediate bath at a :

spinning speed at the top godet of 50 m. per
minute. The yarn produced in accordance with
this specific example exhibits a dry strength of
3.49 grams per denier with an extensibility of
20.8%, a wet strength of 2.22 grams per denier
and a tensile factor of 161.0. The tensile factor
is a useful empirical value, the product of g./d.
dry times g./d. wet times extensibility (dry) in
percent. The bend test carried out on the
Schopper bending tester aforementioned shows
850 bends required to break the skeined yarn and
2000 bends required to break the coned yarn, and
the average of these results is 1425 bends.

The yarn produced in accordance with this
specific example spins without difficulty. Fur-
thermore, there is no evidence of milkiness or
milky streaks in yarn if bleached as for textiles.
It will be appreciated from the characteristics
discussed herein and tabulated in Table I under

test No. 2 that this yarn shows wet and dry <

strengths and other characteristics of commer-
cially acceptable standard for tire yarn, and that
in addition the bend test demonstrates a resist-
ance to fatigue more than four times that of yarn
spun under the same conditions from a viscose
containing 7.5% cellulose. (See test No. 8 in
Table 1.) .
Example 2.—A viscose solution is prepared an

spun under conditions identical with those in Ex~ .

ample 1 except that the cellulose concentration is
49 and the alkali cellulose is aged for only three
hours to establish in the viscose -of this concen-
tration a normal spinning viscosity. The yarn
produced in accordance with this example ex-
hibits characteristics of strength comparable to
those of the yarn in Example 1 and exhibits an
average bend test of 944, derived from a bend test
in skeins of 604 and a bend test in cones of 1284,
No difficulty was experienced in achieving contin-
uous spinning under the conditions specified for
this specific example.

Example 3~—A viscose solution is prepared and
spun under the conditions set.forth in Example 1
except that the cellulose concentration of the
viscose is 4.9% and the aging time for the alkali
cellulose necessary to establish in the viscose of
this concentration a normal spinning viscosity is
19 hours. The yarn produced in accordance with
this example exhibits strength characteristics
fully comparable to those of the preceding ex-
amples and exhibits an average bend test of 1109,
derived from a bend test of 819 in skeins and 1399
in cones. ’ .

Example 4.—A viscose solution is prepared and
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spun under the conditions set forth in Example 1
except that the cellulose concentration of the
viscose is 5.1% and the aging time for the alkali
cellulose necessary to establish in the viscose of
this concentration a normal spinning viscosity is
19 hours. The yarn produced in accordance with
this example exhibits strength characteristics
fully comparable to those of the preceding ex-
amples and exhibits an average bend test of 1047,
derived from a bend test of 795 in skeins and
1300 in cones. :

Ezxample 5—A viscose solution is prepared and
spun under the conditions set forth in Example 1
except that the cellulose concentration of the vis-
cose is 6% and the aging time for the alkali
cellulose necessary to establish in the viscose of
this concentration a normal spinning viscosity
is 35 hours. The immersion in the setting bath
is 30’’ in this example and for higher cellulose
concentrations in accordance with our finding of
slightly improved results with the longer path
for concentrations of 6% and higher. The yarn
produced in accordance with this example ex-
hibits strength characteristics fully comparable

5 to those of the preceding examples and exhibits

an average bend test of 897, derived from a bend
test of 735 in skeins and 1058 in cones.

Ezxample 6.—A viscose solution is prepared and
spun under the conditions set forth-in Example 1
except that the cellulose concentration of the vis-
cose is 6.5% and the aging time for the alkali
cellulose necessary to establish in the viscose of
this concentration a normal spinning viscosity is
43 hours. The immersion is 30"’ as in Example 5.
The yarn produced in accordance with this ex-
ample exhibits strength characteristics fully
comparable to those of the preceding examples
and exhibits an average bend test of 467, derived
from s bend test of 466 in skeinsand 467 in cones.

Example 7.~—A viscose solution is prepared and
spun as set forth in any of Examples 1 through 6
except that cotton linters is used as the source
of cellulose instead of wood pulp. The yarn pro-
duced in each instance exhibits slightly higher
tensile properties than wood pulp yarn and also
slightly higher bend test as can be seen in Tables
I and IIL

In the preceding examples we have specified the
use of a setting bath which we have found to be a
practical optimum in so far as the production of
yarn of high fatigue resistance is concerned. We
have also specified the use of spinnerets having
holes of .0025’’ diameter and the stretching of the
varn about 77% at elevated termaperature. Each
of these latter factors has also been found by us
to be optimum conditions for the production of
yarn having the characteristic high bend test of
the present invention when they are used in con-
junction with the special setting bath and the
low cellulose content viscose. In Table II we
have set forth four tests in which the difference
between a setting bath containing 4% zinc sul-
phate and a normal setting bath containing 1%
We have also illus-
trated herein the effect of stretching yarns spun
into the special setting bath and intc a normal
setting bath. We have also shown in Table IT
the effect of spinneret holes of a diameter of
8025’ as compared to spinneret holes of 0032,
In the four tests included in Table II we have
also shown the effect of differing periods of vis-
cose ripening. In all four of the tests in Table
IT the viscose has a cellulose concentration of
429 and contains 6.5% NaOH. o
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Table IT

Setting Bath Normal Setting Bath -“Special'Setting Bath
. Grav.at20° C_.... 1.300 1.300
Sulphuric-Acid.._._-- 10% 8%
Zine Sulphate....---- 1% 49,

No Stretch Stretch 77% No Stretch Stretch 77%

Ripeness of Viscose: L. . L. } y L.

56 hours or more | No spinning possible...| No spinning possible.._.| Good .spinning; ' G./denier-dry; | Good . spinming; . G./denier-dry,

"at.19° C,

§6.to 40 hours at | Fair spinnihg. Yarn
19° €. very harsh; Tensile
TFact., 15.7,

Yarn very barsh; Ten-

40 -heurs-and less
8t.19°"C. sile Fact., 8.8.

sile Faect., 9:7.

No continnous 5pinning,
breaks everyfew min-
utes. Yarn very.harsh;
Tensile Fact., 10.1.

Practically no spinning.
Yarn very harsh; Ten-

-2.8%; G:/denler-wet, 1.32;.Per
Cent Extensibility, 89.5: Ten-

"si?}e Fuet., ' 124.5; Bend 'Testy
532.

Good . spinning; G./denier-dtfy,
2.28: G fdenier-wet, :1.26; . Per
Cent-Extensibility, 39.2; . T'en-
sile. Fact., 112.6; Bend Test,

3.65; (./denier~wet, : 2.22; Per

Cent Extensibility, 21:8; Ten-

sg& Faet:, 176.6; Bend 'Test,

1324,

Good ~spinning;- G.jdenier-dry,
3.36;. G./denier-wet, :2.09;. Per
Cent. Extensibility, -20.3;. Ten-
sile “Faet., 142.5; Bend Test,
1699. L.

Good - spinning. - Poor. - spinning

-~ with-.003%” spinneret-at 32 hrs:

~but:good with .0025”. G./den-

. jer-dry, 3.50; G./denier-wet, 2.23;

‘Per- Cent Extensibility, 29.4,
'T%nsile Fact., 151:4; Bend. Test
. 943.

Would not- spin..continuously,
but better- with 0025 spin-
neret’ than -with 0032”7, G/
denier=dry,2.11; Gi/denier-wet,
1.01; Per Cent Extensibility,
39.5; Tensile Pact., 84.2; Bend:
Test, 282,

From a study of Table II it will be apparent

that viscose having a cellulose concentration of .

4.29 cannot be-spun with any success in a normal
setting bath containing 1% zinc sulphate. When
the-viscose was ripened 56 hours or more at 18° C.
no:spinning was possible with or without stretch-
ing.

With shorter ripening periods between 40 and
56 hours fair spinning could be achieved without
stretehing, but the yarn produced was very harsh
and had an unusually low tensiie factor. When it
is attempted to stretch this yarn no continuous
spinning can be achieved. What little yarn is
produced is exceedingly harsh and its tensile fae-~
tor again unusably low.

With.even shorter ripening periods of 40 hours
and less a yarn may be spun without stretching,
but it. again is very harsh and exhibits again an
unusably low tensile factor. When it is attempted
to streteh this yarn spinning becomes very diffi-
cult and such yarn as is produced is very harsh
and again exhibits an unusably low tensile factor.

Thus over a very broad range of variations
in ripening time it remains a virtual impossibility
to produce yarn by spinning a 4% cellulose, 6.5%
NaOH viscose into a normal setting bath. None
of the yarn produced in the attempt is of a quality
remotely approaching that regquired for tire yarn.

Table IT also shows the results achieved in two
tests wherein the only difference over the preced-
ing tests is that the setting bath contained 4%
zine sulphate instead of the 1% zinc sulphate in
the normal setting bath. In these tests with 4%
zine ‘sulphate the 4% cellulose, 6.56% NaOH vis-
cose, aged 58 hours or more at 19° C. was spun
without difficulty of any nature, both with and
without stretching. The unstreiched yarn shows
very good strength characteristics and a high
tensile factor of 124.5. TIts extensibility of 39.5%
of course renders it unusable in the manufacture
of tire yarn, but this yarn is an interesting, semi-
high-tenacity yarn of rather unusual type which
should have commercial possibiiities, - With
stretching of 77 % between godets the extensibility
is brought down to 21.8% and both the dry and
wet strength of the yarn is markedly increased.
The tensile factor of 176.6 is excellent, and using
the Schopper Bending Tester as specified here-
inabove a bend test of 1324 is exhibited.

With shorter ripening periods of from:56 hours
down to 40 hours at 19° C. no difficulty in spin-
ning was noted. with or without stretching. The
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strengtiy characteristies: of. the yarn are approxi-
mately the same asthose of yarn spun in our spe-
cial setting bath with 56.hours or-more. of ripen-
ing. While:the tensile factor.is. somewhat. lower
in each case. it will be observed that in the case
of the.streteched. yarn a.-bend test of 1699 was se-
cured. This particular test has led us.to.the con-
clusion. that. a ripening time. 0f somewhat. more
than 40 hours. is.optimum for the. production,. in
accordance with our invention, of yarn having
an unusually high resistance to fatigue.

With ripening periods.of 40 hours and less some
spinning diffieulty was observed.. For exampls,
without stretching and with spinneret_holes. of
.0032’" diameter we could not achieve continuous
spinning and while we also.could not achieve con-~
tinuous spinning with. spinneret:holes. of [0025"
diameter, and without. stretching the resulfs with
the smaller spinneret holes were markedly befter.
Here again. the yarn produced without stretch-
ing has.a high extensibility of 39.5% and is not
useful as a tire yarn.. With stretching we found
good spinning with spinneret holes of .0025*
(this wag particularly noticeable in connsction
with a viscose ripened for 32 hours) whereas
with spinneret holes of ..0032'" diameter poor
spinning-occurred. The yarn:thus produced with
stretehing and .0025” spinneret holes shows a
high degree of strength and g high tensile factor
and an extensibility .of '19.49%. The ‘bend test
on thisparticular yarn was 943, which while con-
sideraply Tess thran' that achieved with yarn rip~
ened for somewhat longer periods; is still far-in
excess -of “the bend test achieved in-yarn-spun
from viscose containing-about 7% or -more-of cel-
Tulose (see " Table I).

In eachof thespecific:examplesset forth:above
we have made use of the special setfing bath found
by us to be a practical optimum. In Table II

‘we-have examined:the effect of using in connec-

tion with a-4% celltlase; 6.5% NzOH viscose:a
normal setiing bath and-ouroptimum special set-
ting bath. ‘Wehavepointed out that europtimum
setting:bath contains 4% zinc swlphate:and 8%

sulphiwric acid. We do.not wish to be:limited. to

this speeific:setting bath:inasmuech as we -have
found that yarns of -extremely high fatigue re-
sistance may be produced -inh -accordance -with
our- process .wherein - the -setting - bath . centains
‘ag little as:about 2:5% . zine sulphate. -In -Tahle
IIT we show the results of tests in which several

yarns: were. spun-in:.sccordance with. our. precess
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and in which the amount of zinc sulphate in the
setting bath varied from 1% to 10%.

10
that this range is the limiting range for soft yarn
when 6.5% caustic soda is used in the viscose.

Table IIT
Viscose (all tests): } . . .
Cellulose 499, (derived from Tenacell or cotton linters as indicated)
NaOH - 6.5%
Spinning bath:
Sulphuric acid. oo omoamceemeoan 10% 8% 8% 8%
Zine sulphate 1% 2.5% 4% 10%
Source of cellulose Linters Tenacell | Tenacell' | Linters | Tenacell | Tenacell
Tensile factors: .
Ripening time, hours— . .
1 No spinning.| No spinning. 70 169 151 139
48 e | doo_ |- do_.__.. 116 182 142 160
-1 R SO R do_ . ____|--n-s do_.__.. 108 186 |- 176 138
Bend Test average:
Ripening time, hours— ) .
40 No spinning.| Nospinning. 1,151 1,296 943 1,179
48 e e e Ao e do__..-- - 960 1, 400 1,699 1,727
S Ao |oeeen do___ .. 1,204 1,257 1,324 1,471

A study of Table ITI will reveal that spinning
of a 4.2% cellulose, 6.5% NaOH viscose was im-
possible when a setting bath containing 1% zine
sulphate was used. When the setting bath con-
tained 2.5% zinc sulphate spinning was success-

ful and the yarn produced exhibited excellent -
bend test as shown in the table. With this 2.6% .

zine sulphate setting bath we found occasional
instances of spinning difficulty, and occasional
batches of yarn were considerably weaker than
others. From this we conclude that our setting

bath should not contain substantially less than . .

about 2.5% =zinc sulphate. This conclusion is
supported by the fact that when the setting bath
contained 4% zine sulphate no spinning difficul-
ties were encountered and the yarn uniformly
exhibited excellent strength characteristics and
the very high bend tests shown in Table III.

A comparison of the results of using a setting
bath containing 4% zinc sulphate and the results
of using a setting bath containing 10% zinc sul-
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" the spinning machine.

As the cellulose concentration is increased the
tolerance towards variation in acidity also in-
creases, and the general tendency is for slightly
better bend test with lower acidity. However,
below 90 grams per litre and even with 7.5% cel-
lulose there are spinning troubles which would
prevent commercial use. In all our discussions
on acidity we refer to tests on the acid entering
Figures in the spinning
trough would be 5 to 10 grams per liter lower.

Regarding stretching, we have standardized all
our experiments on 77% stretch between godets,
having in mind low extensibility in the resulting

__yarn and yet perfect spinning. We have em-

40

phate as set forth in Table III serves to illustrate

that while some advantage is achieved by raising
the zinc sulphate concentration to 10% the im-
provement in the yarn is not proportionate to
the expense of such increase. It is apparent that
zinc sulphate concentrations of 10% or more may
be used if so desired. It is also apparent that
there is considerably more advantage in increas-
ing the zinc sulphate concentration from about
2.5% to 4% than there is in increasing the con-
centration substantially above 4%. It is for
this reason that we have concluded that a 4%
zinc sulphate concentration constitutes a practi-
‘¢al optimum. Nevertheless, for the purposes of
achieving the novel results of our invention the
‘special setting bath needs only to be character-
ized as containing not substantially less than
about 2.5% of zinc sulphate.

Table III also shows a comparison of the
results of using cotton linters and wood pulp as
the source of cellulose. It will be observed that
“with the spinning bath containing 1% zinc sul-
phate no spinning was possible with either a lin-
ters or wood pulp viscose. When a spinning bath
containing 4% zinc sulphate is used excellent
spinning is achieved with either form of viscose.

For all our experiments with viscoses contain-
ing 6.5% caustic soda we have used 105 to 110
grams per litre acid. We have to emphasize the
fact that the range 100 to 115 grams per litre
acid is the best range for very low cellulose con-

centrations, for instance 4.5%. We may also noie’
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ployed lower stretch down to 50% and have pro-

"duced satisfactory high-tenacity yarn with the

same relation of bend tests for different percent-
ages of cellulose, but the extensibility of the yarn
is too high for easy slashing to tire yarn level.
Similarly we have employed higher stretch up to
85% but have not found this to be justified by
results. '
“With regard to spinning speeds, all our experi-
ments have been made with 50 meters per minute,
but our invention is not limited to this speed.
The relative improvement in bend test due to low
cellulose for higher spinning speed is just as
gréat as with 50 meters per minute, if not greater.
In all of the above examples and tests the
viscose solution has contained varying concen-
trations of cellulose but the concentration of so-
dium hydroxide has remained constant at 6.5%.
It is not critical that the percentage of NaOH
be limited to 6.5%. Higher concentrations of
NaOH may be used and the results of such use
are about those to be expected as a result of
experience in varying NaOH concentration in
viscoses of the usual cellulose content of about
7.59%. Table IV sets forth the results of a series
of tests in which the effect of changing the con-
centration of NaOH is examined. Table IV is
also important to the present disclosure in that
it makes a very thorough comparison between
the yarn spun from a viscose containing 6% cel-
lulose in accordance with our invention and a
yarn spun from 7.5% cellulose viscose under the
same conditions. This is of particular impor-
tance in that in many manufacturing plants it
is possible with existing equipment to lower the
cellulose concentration of the viscose to 6% while
it may not be possible without the installation of
larger viscose tanks and the like to lower the
concentration below 6%. Thus our invention
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11
gives to the art a yarn of tire cord quality which
may be manufactured from wood pulp with exist-
ing equipment.

12
Tt- should be expected-that yarn having very
high degree of polymerization possesses certain
advantages with regard to mechanical properties.

Table IV

Viscous Composition:

Cellulose, percent.. 6 6 7.5 7.5

NaOH, percent 6.5 8.5 6.5 8.5
[y o)1 S, Normal Normal ‘Normal Normal
Shre%di%ng .......... No Normal Normal Normal .
Aging Temp., °C_._-- 20 19 20 19
Aging Time, Hours 35 35 59" 59
Xanthation .- cco-ococommmnccecnecan Normal Normal Normal Normal
Ripening Temp., °Coroveceommmemeeen 19 19 19 19
Ripening Time, HOUIS. - --ccceee- w0 48] 56| 4| 48} 56 40| 48| 6] 40} 48] 56
Ripening Index (maturimeter 12.5%

WO e e T e e ane | 17| 149 146 [ 1ng o 101 ] 13.8 | 13.7 | 18.5
Tension in grams between godets..... 439:| 493§ 443 52511 . 52614 -5934 4311 418 | 444 404 | 482 471
g./d. strength-dry. 3.28 | 3.397 3.41 | 3.23 | 3.50-| 3.61 | 3.40 | 3.46 | 3.52 | 3.47 | 8.72 | 3.72
g./d. strength-wet. 3 . 2,237 2277 273012835 | 213712137 27187 2277 2,237} 2,27
Per cent Extensibility-dry. . 1214 3999 20.4 12177204 205 |.20:7 . 26:9 | 20.8 | 21.4
Tensile FACHOT - .- o oommmemmmmmememn| 245 160 162 146-| 165 184 | 148 152 150, 164 1787} 180
Bend Tost, AVIREe... —nomormooorne| 927 | 016 78071,304:| 1,057 | 980.| 452 460 471 719 478 d472.
‘Betting Bath:

5 g Bl 110 151.7 119° 1517

ZnSOi g/l .- 52.8 52.8 52:8 -52.87

20 e e erm = m 1.208 1317 1208. 1317
Stretch:between.godets - ---percent... 77.5
Temp. of the intermediate bath . v oo ——— - -0 87
D R 8 4073 ych L)« MR U U U U inches 30
Tmirersion in hot water. S, [ - do_. . 17
SPINDErEt BOLES oo e o oo e m oo e e e o2 G0 0025
Spinning speed at fop godet. .. e m e emmmee o eme e —_ meters per minute-- 50
Cirenlation of the bath perspindle_._- - — liters per minute.. 1.5
Circulation of the intermediate bath. . 1.8

From a study -of Table IV it will be.apparent
that there is an enormous increase in fatigue
resistance in the yarn prepared in accordance
with our invention: from a . viscose -containing
6% cellulose compared. to that.of yarn prepared
from 7.5% cellulose viscose. It is also apparent
that the yarn made-in accordance with .our:in-
vention from 6% cellulose, 8.5% NaOIH viscose
is :somewhat superior to that made from.6:5%
cellulose, 6.5% NaOH: viscose. The: degree of
superiority “is. very obviously smaller than the
superiority of ‘either of the 6% -cellulose viscose
yarns. over the 7.5% cellulose: viscose yarns. It
is thus graphically illustrated-that-the. cellulose
concentration is more important:than the ratio
of cellulose to caustic.

From a- consideration :of the various tables set
forth above it will be .-apparent that: there is a
tendency towards higher wet strength in . the
yarns spun from viscoses-of low cellulose content.

‘We believe :that it should ‘be pointed out here
that since with lower cellulose: concentrations
the -alkali cellulose is aged:a very much shorter
time, the regenerated:cellulose in the yarn will
have a correspondingly higher degreeof poly-
merization. In this' connection. we have been
able -to relate the degree:of polymerization-to.the
concentration -of cellulose in :viscose by the equa-
tion: D. P.=268.5448(7—C). In-this' equation
C equals cellulose concentration in percentage.
Therefore a yarn made with 7.5% cellulose vis-
cose would have:a D. P, averaging 244 while a
yarn made with 4% cellulose viscose would have
aD. P. averaging 412, It may be mentioned that
our ‘figures for D. P. are based -on Staudinger’s
-formula -and are lower than those based on:more
recently developed formulas. .

However, the advantage of .our novel process and
the yarn produced thereby is not confined to any
advantage. resulting from the higher degree of

polymerization. This is demonstrated by tfests

which :we have made in which we-have aged the

-alkali .cellulose for the same period of time as
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‘would have been involved had we been preparing

a-7.5% viscose.. We then prepared viscoses of
celulose concentration varying between 6.5% and
4%, which viscoses, of course, had viscosities con-
siderably below the normal spinning viscosity. ' We
-spun such low cellulose viscoses under. the condi~
tions.necessary.in the carrying out of our inven-
tion . and the product was high tenacity yarn
showing an.improvement in bend test of inter-
mediate degree.

‘It:is. known that tire yarn has to.be slashed or
strained in:order to decrease the extensibility to
the level:of 10%- required by the tire manufac-
turers.. We:had found that the relative improve-
ment of ‘bend test on slashed yarn when lowering
the cellulose is. as great.as if not greater than
that on the unslashed yarn.

Trom :the-above:disclosure it will ‘be apparent
that :we:have provided a-process.and a product
fulfillingthe.objects of our invention. 'The essen-
tial features -of our process.are. the spinning of
2 viseose:icontaining from6.5% to about 3% cel-
lulose and a-desirable quantity, say 6.5% or:8.5%,
of NaOH /into a spinning bath containing -about
2.5% or.more-zinc sulphate. Preferably the spin-

-neret- holes have :a diameter not substantially

greater than .0025"’, This particular feagture is
of value throughout our range of:cellulose con-
centrations-and is-of most importance where the
viscose -has been ripened for a relatively short
-period of; say; 32 hours. The yarn is.stretched in
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spinning to a high degree, as for example about
715%, at elevated temperatures. The bend test
results on yarns made in accordance with our in-
vention are far in excess of those on any yarns
with which we are familiar, whether from wood
pulp, linters, or blends. In this connection we
have tested substantially all of the yarns com-
mercially available and actually in use in the
manufacture of tire cords. -Such commercial
yarns are made from viscose containing a large
proportion, and in many instances containing
100%, of cotton linters cellulose. We have never
found a commercial yarn exhibiting a bend test
above 600 when such bend test is made under the
conditions specified herein or corrected for
denier, slashing, and the like,

In the above disclosure frequent reference has
been made to the value of our process in the
manufacture of tire yarn. It is obvious that the
benefits of high fatigue resistance which we se-
cure are of value in textile yarn. An additional
advantage of our process is that by lowering the
cellulose content the very common defect of milki-
ness and milky streaks in the yarn is progressive-
1y reduced and eliminated. This, of course, refers
to comparisons upon viscoses of the same ripe-
ness. This latter benefit is of great importance in
textile yarn.

The advantages of our process are clearly of
value in the manufacture of staple fibre as well
as special types of artificial straw, horse-hair,
films, and the like.

Our process, which makes it possible to spin so-
lutions of very low cellulose concentration, has a
further value which should not be overlooked.
It is much easier to obtain solutions of low cellu-
lose content than solutions of a cellulose content
around 7.5%. This applies not only to viscose
solutions but to spinning solutions in which cel-
lulose or its esters and ethers is dissolved in al-
kaline solutions or in other solvents such as am-
monium quaternary compounds, zinc chloride so-
lutions, cuprammonium, cupri-ethylenediamine
and the like and also applies to the direct or one-
stage viscose processes. Indeed, with many sol-
vents it is practically possible to obtain solutions
of cellulose only in a concentration around 4%,
well outside the range in which spinning hereto-
fore has been commercially practicable,

In certain claims the words “bend test value”
are used. These words define the average num-
ber of bends required to break the yarn on the
Schopper bending tester D. P. 5 under the con-
ditions specified above and in the denier range
specified.

The improvement in bend test, due to low cel-
lulose concentrations, is relatively similar for tex-
tile yarns of lower denier, for example 100, 150,
300, 400 and 600 deniers, but of course the abso-
lute value of the bend test at the same load per
denier increases as the denier decreases.

From the above disclosure it will be apparent
that modifications and variations may be resorfed
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to by those skilled in the art and it is intended
that the scope of this invention shall be limited
only by the appended claims.

We claim:

1. In a method of producing rayon filaments of
the class which when spun as yarn of 1150 to
1250 denier comprising 480 filaments have a bend
test value above 1000 the step of projecting a
ripened viscose solution having a normal vis-
cosity on the order of 46 poises and having a cel~
lulose concentration of about 4.5% into a spin-
ning bath containing about 4% zine sulfate and
about 8% sulfuric acid.

2. In g method of producing rayon filaments of
the class which when spun as yarn of 1150 to
1250 denier comprising 480 filaments have a bend
test value above 1000 the steps of projecting a
ripened viscose solution having a normal viscosity
on the order of 46 posies and having a cellulose
concentration of about 4.5% into a spinning bath
containing about 4% zinc sulfate and about 8%
sulfuric acid and stretching at elevated tempera-
ture the filaments leaving said spinning bath to
the extent of at least 50% of their original length.

3. In a method of producing rayon filaments of
the class which when spun as yarn of 1150 to
1250 denier comprising 480 filaments have a bend
test value above 1000 the steps of projecting
a ripened visccse solution having a cellulose con-
centration of about 4.5% into a spinning bath
containing about 4% zinc sulfate and about 8%
sulfuric acid and stretching at elevated tempera-
ture the filaments leaving said setting bath to the
extent of about 77% of their original length.

RENE E. DOSNE. :
FRANK ROLAND CHARLES,
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