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This invention relates to the production of polyvinyl
alcohol fibers of improved characteristics and is more
particularly concerned with. producing polyvinyl alcohol
fibers of good dyeability and whiteness.

Commercial polyvinyl alcohol fibers, such as the so-
called “Vinylon,” which are produced by spinning an
aqueous solution of polyvinyl alcohol and then subject-
ing the fibers to heat treatment and acetalization, such
as formalization, do not have as good dyeability as is
generally desired so that various methods have hereto-
fore been proposed in an effort to remove this limita-
tion. Thus, it is known that the dyeability of Vinylon
can be improved by using a mixed spinning solution
composed of polyvinyl alcohol and water-soluble, ni-
trogen-containing polyvinyl alcohol derivatives, such as
partially-aminoacetalized polyvinyl alcohol, partially
cyanoethylated polyvinyl alcohol, and the like. The fibers
thus obtained, however, have the drawback that they
tend to yellow when they are subjected to heat treatment
and the improvement in dyeability is generally insuf-
ficient. The spinning of a mixed spinning solution con-
taining polyvinyl alcohol in admixture with polyvinyl
alcohol derivatives which do not contain nitrogen, such

“as water-soluble, partially-saponified polyvinyl acetate,
water-soluble, partially formalized polyvinyl alcohol, has
also been proposed, but in this case the improvement in
dyeability is again not sufficient, and, more particularly,
such Vinylon subjected to -acetalization with a higher
aldehyde, such as benzaldehyde, in order to improve low
resilience, which is one of the drawbacks of Vinylon,
has comsiderably poorer dyeability in comparison with
formalized Vinylon, so that it has been difficult to manu-
facture Vinylon which has both excellent resilience and
dyeability.

It is thus an object of this invention to provide poly-
vinyl alcohol fibers exhibiting excellent dyeability and
whiteness, in combination with good water resistance,
heat resistance and good mechanical properties, such as
resilience.

in accordance with the invention, a mixed spinning
solution composed of polyvinyl alcohol and a water-
soluble polyvinyl alcohol derivative containing 0.1 to 6%
by weight of nitrogen derived from urea and obtained by
the reaction of polyvinyl alcohol with urea, preferably
in combination with a water-soluble saccharide or a water-
soluble saccharide deriverative, is used to spin fibers and
the resultant fibers are subjected to heat treatment and
to chemical treatment, such as acetalization.

After many experiments and studies, we have found
that polyvinyl alcohol fibers having excellent dyeability
can be produced by using a spinning solution composed
of a mixture of a water-soluble saccharide of a water-
soluble saccharide derivative, and polyvinyl alcohol. How-
ever, the fibers so produced, when acetalized with higher
aldehydes, such as benzaldehyde, have a somewhat poorer
dyeability when compared with formalized Vinylon fibers.
Qur continued investigations to solve this problem have
led to the discovery that fibers having excellent dye-
ability can be obtained not only in the case of formaliza-
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tion but also in the case of benzalization if the fibers are
spun from a mixed spinning solution composed of poly-
vinyl alcohol and a polyvinyl alcohel derivative contain-
ing 0.1 to 6% of nitrogen (believed to exist primarily as
vinyl carbamate units) derived from urea and obtained
by the reaction of polyvinyl alcohol and urea. In the
case of such fibers, yellowing due to heat treatment is
much reduced, in comparison with fibers formed from
polyvinyl aicohol alone, and indeed, there is substan-
tially no discoloration, and substantially white fibers are
readily obtained, in contrast to known procedures using
nitrogen-containing polyvinyl alcohol derivatives. In ad-
dition, greatly improved dyeability can be obtained, both
in the case of formalization and in the case of benzaliza-
tion, when the mixed spinning solution composed of
polyvinyl alcohol and the reaction product of polyvinyl
alcohol and urea also contains a water-soluble saccharide
or a water-soluble saccharide derivative.

Other objects and features of the invention will be
apparent from the following detailed description of the
invention, including several practical examples and com-
parisons to illustrate its characteristics.

In Table I, Samples A and B are ordinary Vinylon
obtained by wet-spinning in conventional manner a con-
ventional wet-spinning agueous solution of polyvinyl al-
cohol having a degree of polymerization of 1,700, and
subjecting the resultant fibers to heat treatment (235°
C., 1 min.), followed by formalization (Sample A) in
an aqueous solution containing 5% of formaldehyde, 15%
of sulphuric acid and 15% of sodium sulphate, at 70° C.,
for 1 hr., or benzalization (Sample B) in an aqueous
solution containing 1.7% of benzaldehyde, 10% of sul-
phuric acid, and 40% of methanol, at 60° C., for 1 hr.
Sample C was produced by the method of the invention
using a mixed aqueous solution of the same polymer
content as in Samples A and B but the polymer com-
ponent being composed of 70% of polyvinyl alcohol
and 30% of a polyvinyl alcohol-urea reaction product
containing 1.2% by weight of nitrogen obtained by add-
ing 10% of urea to a partially-saponified polyvinyl acetate
containing 98 mol percent of vinyl alcohol and 2 mol
percent of vinyl acetate and heating the mixture to 200°
C. for 3 minutes. The fibers were produced from this
spinning solution and subsequently treated by following
the same procedure used in producing Sample A.

Sample D was produced by the method of the inven-
tion but the fibers were subjected to benzalization in-
stead of formalization, using the procedure followed in
manufacturing Sample C. Sample E consists of fibers
obtained by using a spinning solution in accordance with
the invention and containing a polyvinyl alcohol-urea
reaction product containing 2.3% of nitrogen, the pro-
cedure used in producing Sample D being followed.
Samples F and G are composed of fibers obtained by
using a mixed solution consisting of a mixture of 10%
and 20% of soluble starch, respectively, in a conventional
aqueous sclution of polyvinyl alcohol, and Samples H
and I are composed of formalized and benzalized fibers,
respectively, obtained by using an agueous solution of
polyvinyl alcohol combined with the reaction product
of polyvinyl alcohol and urea, in accordance with the
invention, and also containing soluble starch in the spin-
ning solution. Sample J is composed of fibers obtained
by using polyvinyl alcohol acetalized with g-cyclohexyl-
aminobutyraldehyde, instead of the polyvinyl alcohol-urea
reaction product, in the procedure used in producing
Sample C.

In the following table, polyvinyl alcohol is abbrevi-
ated as PVA.
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TABLE I
Shrinkage Elasticre- | Dye-absorp-
Sample Blended polymer Yellowing after Acetalization in boiling | Tenacity | coveryat3% | tion! (ng./ | Depthof
heat treatment water (g./d.) elongation g, fiber) color 2
(percent) (percent)
______________________________ 4 4.3 47 4 3(3)
______________________________ 6 3.8 70 1 3(1)
P\(’{}-ug{aya)rg%fytion product 4 3.8 53 18 11
N 1. .
Do A 7 3.5 7 14 10
B (N 2.3%) 30%. - 8 3.4 74 16 10
P o Starch 109, 6 3.8 70 3 3 (1)
[€ S Stareh 20% 6 3.5 70 6 3(4)
Moo P\(fA-un(zya reugytion produc(; 5 3.9 50 19 12
N 1.1%) 15%, starch 10%.
| A o 170) 15%, starch 107 > 7 3.5 72 14 12
P Aminoscetalized PVA (N 9 3.0 71 6 6
1.2%) 30%.

! Congo Red (C.I. Direct Red 28) 2%, 90° C., 2 hours.
2 K/S value at 10 mg./g. dye-absorption.
K/S=(1—R=)}2R=.
R:Reflection at 520 my wave length.

3 Extrapolated from dye-absorption—E/S relation.

As will be seen from the foregoing table, Sample C
of the invention has the same hot water resistance and
tenacity as ordinary Vinylon A, but it has considerably
improved dyeability and a very high dye-absorption, and
the depth of color is very high when compared at the
same dye-absorption. It is believed that this advanta-
geous result is due to the fact that, according to the meth-
od of the invention, the cross-section of the fibers is
homogeneous and their transparency has increased.

The dyeability of the benzalized Vinylon D and E is
nearly the same as that of formalized Vinylon C, and
better than that of Sample J using the known amino-
acetalized polyvinyl alcohol. Sample J is poorer in white-

ess in comparison with ordinary Vinylons A and B, and
discolors upon heat treatment. Samples C, D and E
of the invention are pure white and have an improved
whiteness in comparison with ordinary Vinylons A and
B. The benzalized Vinylon of the invention has an ex-
cellent resilience, not less than that of Sample B. Samples
H and I obtained by mixing the polyvinyl alcohol-urea
reaction product and starch with polyvinyl alcohol both
have much better dyeability and better whiteness than
Samples F and G which were obtained by using only
starch in combination with polyvinyl alcohol, and their
dyeability is better than that of Samples C, D and E.

The polyvinyl alcohol suitable for use in accordance
with the present invention is known polyvinyl alcohol
and includes polymers composed principally of the vinyl
alcohol radical. Polyvinyl alcohol is a polymer contain-
ing hydroxyl groups and corresponding to the formula:

(—CH;—~CH)n
OH

wherein n is an integer which can vary within wide limits,
as is well-known in the art. Polyvinyl alcchol can be
produced from the corresponding polyvinyl ester, e.g.,
polyvinyl acetate, by alkaline or acid saponification or
re-esterification, i.e., alcoholysis, in accordance with the
following equation:

H;0 or
[-CH—CH~]a m [——CHz—C‘H'—]n + nHOCOR or nR’OCR
OCOR O

Typical fully-saponified polyvinyl alcohols which can
be suitably used are described, for example, in Cline
et al. U.S. Patent 2,636,803,

The partially-saponified or partially-esterified poly-
vinyl alcohol which can be used in accordance with this
invention is produced by conventional techniques from
polyvinyl esters, such as polyvinyl acetate, by known
saponification procedures as described, for example, in
Scott et al. U.S._ Patent 2,266,996 and Bryant et al. U.S.
Patent No. 2,668,809, As is known in the art, a “par-
tially-saponified” polyvinyl alcohol is the product of the
hydrolysis of a polyvinyl ester, e.g., polyvinyl acetate,
in which less than all of the ester groups,.e.g., acetate
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groups, have been converted to hydroxyl groups. As ex-
plained in Scott et al. 2,266,996, the saponification or
hydrolysis reaction is stopped by neutralizing the cata-
lyst when the desired percentage conversion has oc-
curred. The partially-saponified polyvinyl alcohols which
are suitably used in accordance with this invention are
sufficiently saponified that at least about 80% of the
ester groups have been converted into hydroxyl groups.
The degree of polymerization of the polyvinyl alcohol,
may vary widely but is suitably at least about 500. In
the case of the polyvinyl alcohol admixed with the poly-
vinyl alcohol-urea reaction product to form a spinning
solution, it is preferred that it contain at least 98 mol
percent vinyl alcohol units.

Thus, the polyvinyl alcohol suitably used contains 80
to 100% of vinyl alcohol units. The term “polyvinyl
alcohol” as used herein also includes vinyl alcohol co-
polymers such as completely or partially saponified ethyl-
ene-vinyl acetate copolymer such as described in U.S.
Patent MNo. 2,386,347 and in British Patent MNo. 634,140,
The polyvinyl alcohol-urea reaction product should be
water soluble and preferably contain 0.1 to 6% by
weight of nitrogen. When the nitrogen content is less
than 0.1%, it is impossible to obtain the desired im-
provement in the dyeability whereas when the nitrogen
content is above 6%, no further improvement in dye-
ability is observed.

The nitrogen content in the total polymer component
of the spinning solution when the polyvinyl alcohol-urea
composition is mixed with polyvinyl alcohol is prefer-
ably 0.075 to 4.5% and the above-mentioned improve-
ment in dyeability is not obtained if the nitrogen content
is less than 0.075%. On the other hand, when the
content is above 4.5%, no further improvement is ob-
tained.

The spinning compositions are spun to form fibers in
conventional manner, e.g., by extruding the solutions
through small holes in a spinning jet into a medium effec-
tive to remove water therefrom. In wet spinning proc-
esses the medium can, for example, be a concentrated
aqueous solution, e.g., 20% to saturation, of a coagulat-
ing salt such as sodium sulfate or ammonium sulfate,
while in dry spinning techniques air or an inert gas such
as nitrogen is employed. Suitable spinning conditions
for producing fibers from the spinning solutions of this
invention are described, for example, in U.S. Patent
2,642,333 as well as in Cline et al. U.S. Patent 2,636,803
and Csugi et al. U.S. Patent 2,906,5%4.

Conventional treatments may be applied to the fibers.
Thus, the fibers may suitably be stretched and heat treated
in accordance with conventional techniques as illustrated,
for example, in U.S. Patents 2,636,803, 2,636,804 and
2,906,594. Thus, the fibers are suitably stretched cold
or after heating to a draw ratio of about 1.1:1 to 9:1
during or after spinning, e.g., in a bath containing the
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above-mentioned salts, or in air at room temperature or
heated up to 250° C. For wet-spun filaments, the stretch-
ing can be carried out directly after spinning while the
fibers are wet at room temperature up to 100° C. to a
draw ratio of about 5:1. For stretching to higher draw
ratios, it is preferred to conduct the stretching in a heated
medium such as air at 100-250° C.

Subsequent heat treatment is usually carried out by
heating the fibers at constant length in the above-men-
tioned salt bath at a temperature of 70° C. to the boiling
point, or a medium such as air at 150°-250° C., for 2
seconds to 5 minutes, and the fibers may be subjected to
heat-shrinking by an amount less than 20%.

The fibers can also be subjected to acetalization in con-
ventional manner, e.g., in an aqueous solution containing
0.05 to 10% of an aldehyde having 1 to 12 carbon atoms,
such as formaldehyde, acetaldehyde, chloroacetaldehyde,
butyraldehyde, nonylaldehyde, benzaldehyde, monochlo-
robenzaldehyde, 1-naphthaldehyde, glyoxal, malonalde-
hyde, glutaraldehyde, terephthalaldehyde, and like ali-
phatic and aromatic aldehydes, and 0.05 to 30% of a
mineral acid such as sulphuric acid, hydrochloric acid or
phosphoric acid, or they can be acetalized in an aqueous
solution containing the above-mentioned salts, and an
organic solvent such as an alcohol, e.g., ethyl alcohol, or
a surfactant, at room temperature, or at a temperature up
to 100° C., for 1 minute to several hours. The degree
of acetalization in the fibers is advantageously 5 to 50
mol percent.

The fibers can also be subjected to other known chemi-
cal treatments such as titanation, chroming, periodic acid
treatment, and the like. Thus, the fibers may be sub-
jected to treatment in an aqueous solution containing 0.01
to 5% of periodic acid, and 0.5 to 30% of a mineral acid,
and it may also contain the above-mentioned salts and
an organic solvent, at room temperature, or up to 100°
C., for 1 minute to several hours to split the 1,2-glycol
linkage in the polyvinyl alcohol.

The polyvinyl alcohol-urea reaction product used can
be produced by reacting polyvinyl alcohol with urea in
the fused state or in the presence of «a solvent such as
dimethylformamide. It is more convenient from an in-
_ dustrial viewpoint to effect the reaction in an extrusion
zone by extruding a mixture of polyvinyl alcohol and
urea while heating the mixture to cause reaction in a con-
ventional extruder at a temperature of 130 to 250° C. and
a reaction time of 1 minute to several hours. The ex-
trusion machine, sometimes referred to as an extruding
machine, which provides the heated extrusion zome for
the carrying out of the heating operation can be any of
the various conventional types of extrusion machines com-
monly used for the extrusion of thermoplastic resins.
Typical machines are described, for example in U.S.
Patents Nos. Re. 23,839, 2,893,055 and 2,896,253.

The addition of urea to polyvinyl alcohol, suitably in
particulate form, e.g., as a powder, can advantageously
be effected by mixing the polyvinyl alcohol powder with
urea in solution in water or in an organic solvent, or urea
in finely-powdered form can be directly mixed with the
polyvinyl alcohol powder. After mixing the urea and
polyvinyl alcohel to produce a uniform mixture, the mix-
ture is dried to remove the water or the organic solvent.

Various amounts of urea can be mixed with the poly-
vinyl alcohol to provide the mixture to be subjected to
reaction in the extrusion zone. Even when the amount of
urea added is less than 10% based on the weight of the
polyvinyl alcohol, a nitrogen-containing polyvinyl alcohol
derivative of cold-water solubility can easily be produced
in a few minutes. Increasing the amount of urea to
more than 10% by weight of the amount of polyvinyl
alcchol will facilitate reaction in the extrusion zone, and
even when the amount of urea is greater than the amount
of polyvinyl alcohol, no difficulty will arise in the course
of the reaction. In charging the extruding machine with
the urea-impregnated polyvinyl alcohol powder, it is de-
sirable that its water content be below 10%. When the
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water content is more than 10%, there may be some drop
in reactivity. However, the desired nitrogen-containing
polyvinyl alcohol derivative can be produced when reac-
tion is carried out in a heated extrusion zone without diffi-
culty even when the water content is more than 10%.

The reaction product has a content of combined nitro-
gen of at least 0.1%, and is soluble in water. Particu-
larly when a very high solubility in cold water is desired,
the amount of combined nitrogen is suitably 1%-4%.
The minimum amount of urea needed for producing a
readily-soluble reaction product is 2% based on the weight
of polyvinyl alcohol.

The polyvinyl alcohol-urea reaction product thus ob-
tained is mixed with polyvinyl alcohol in an aqueous solu-
tion and the resultant so-called “mixed” spinning solution
is spun to produce fibers of greatly increased dyeability
and whiteness. The total vinyl alcohol polymer content
of the spinning solution is in conformity with the spinning
process to be applied, in accordance with conventional
techniques. Thus, for wet-spinning, the polymer content
is advantageously of the order of 12% to 18%, and for
dry-spinning or melt-spinning it is generally of the order
of 30% to 35%. When a saccharide is present it is not
considered part of the polymer content even if it is a
polymer.

As used herein, the term saccharide includes mono-
saccharides, disaccharides, trisaccharides, tetrasaccharides,
commonly characterized as oligosaccharides, as well as
polysaccharides., Thus, the water-soluble saccharide to
be used in accordance with the invention, includes sub-
stances such as glucose, sucrose, starch, dexirin, and the
like, and also includes water-soluble vegetable gums such
as gum arabic, tragacanth gum, and the like. The water-
soluble derivatives of saccharides include methylglucose,
acetylglucose, methylsucrose, methylstarch, ethylstarch,
carboxymethylstarch, hydroxyethylstarch, cyanoethyl-
starch, carboxymethylcellulose, carboxyethylcellulose,
hydroxyethylceHulose, and the like.

The starch usable in the method of the present inven-
tion, is any of the known starches such as potato starch,
Japanese arrowroot starch, sweet potato starch, wheat
starch, rice 'starch, corn starch, tapioca starch, arrowroot
starch (maranta starch) sago starch and like sub-
stances having the starch molecular structure.

It will be understood than any of the known starches
and starch derivatives such as those described in “Starch
~—Its Sources, Production and Uses,” by Charles A. Braut-
lecht (Reinhold Publishing Corp.), can be used.

The amount of the water-soluble saccharide or water-
soluble saccharide derivative to be added to the polymers
in the spinning solution is preferably less than 35%,
based on the polmer content, since no greater improve-
ment in dyeability is observed when more than 35% is
used. When water-soluble saccharides or water-soluble
saccharide derivatives are added, the amount of nitrogen
derived from the urea in the total polyvinyl alchchol
content of the solution should preferably be 0.05 to 2.0%
since when it is less than 0.05% sufficient improvement
in dyeability is not obtained and when it is more than
2.0% no further improvement in dyeability is observed.
Within this range the various steps of spinning, drawing,
heat-treatment and chemical treatment, as above de-
scribed, can be carried out substantially as in the case
of fibers of polyvinyl alcohol alone. The improvement
in dyeability obtainable by combining water-soluble sac-
charides or water-soluble saccharide derivatives with a
mixture of polyvinyl alchohol and polyvinyl alchohol-
urea reaction products, as above described, is very high
and can not be attained by using these components in-
dependently, and the best results can be obtained by the
combined use of these two materials with polyvinyl alco-
hol.

The invention will be further understood from the
following specific examples of practical application.
However, it will be understood that these examples are
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not to be construed as limiting the scope of the present
invention in any manner. In these examples, all parts
are by weight, unless otherwise indicated.

Example 1

To 2 kg. of saponified polyvinyl acetate having a de-
gree of polymerization of 1,700 and containing 98 mol
percent of vinyl alchohol units, were added 1 kg. of an
aqueous solution containing 200 g. of urea in the course
of about two hours and the two solutions were thoroughly
mixed. Then the mixture was dried and fed into an
extruder a little at a time and extruded while the product
was heated and melted at about 200° C. during a resi-
dence of about 3 minutes.

Part of the resultant product was dissolved in water,
precipitated in methanol, and extracted by means of etha-
nol to purify it. The content of nitrogen in the thus-
treated sample was found to be 1.2%. A mixture of 90
g. of this reaction product, 210 g. polyvinyl alcohol, hav-
ing a degree of polymerization of 1,700, and 1,700 g. of
water were agitated and dissolved at a temperature of
from 95 to 100° C. in the course of two hours and the
solution was then filtered through a piece of flannel to
produce a spinning solution.

The spinning solution was extruded through a nozzle
of 0.08 mm. diameter into a saturated sodium sulphate
coagulating bath and the fibers produced were 40%
stretched and, after drying, they were subjected to heat
treatment at 235° C. for 1 minute at constant length,
and then formalized in an aqueocus solution containing
5% of formaldehyde, 15% of sulphuric acid and 15% of
sodium sulphate at 70° C. for 1 hour. The degree of
formalization of the formalized fibers was 41 mol per-
cent. The various properties of these fibers are shown
in Table I (Sample C). The whiteness, transparency,
homogeneity of cross-section and dyeability of the fibers
were clearly superior to those of ordinary Vinylon fibers
(Sample A) spun from aqueous solution containing poly-
vinyl alcohol alone and subjected to the same subsequent
treatments.

Example 2

The procedure described in Example 1 in the pre-
paration of Sample C was repeated through the heat-treat-
ment step. Then the fibers were benzalized in an aqueous
solution containing 1.7% of benzaldehyde, 10% of sul-
phuric acid and 40% of methanol at 60° C. for 1 hour
to provide a degree of benzalization of 24.8 mol percent.
The properties of these fibers are shown in Table I (Sam-
ple D). These fibers were pure white and highly traas-
parent and had an excellent elastic recovery and a dye-
ability to direct dyes comparable to that of cotton. These
fibers were dyed with 3% (based on the fibers) of the
disperse dye, Diacelliton Brilliant Blue BF (C.I. Dis-
perse Blue 3) at 90° C. for two hours and the fibers ab-
sorbed 85% of the dyestuff and acquired a deep color
comparable to that of cellulose acetate fibers having a
tenacity of 1.5 g./denier. On the contrary, when in the
present example, g-cyclohexylaminobutyralized polyvinyl
alcohol (nitrogen content 1.2%) was used instead of the
urea-reaction product, the resulting fibers yellowed badly
as shown in Table I (Sample J) and there was less im-
provement in dyeability.

Example 3

A urea-polyvinyl alcohol product was prepared using
the procedure of Example 1, but instead of 200 g. of
urea, 500 g. (25% based on the polyvinyl alcohol) of
urea were used to produce a product having a nitrogen
content of 2.3%. This product was mixed with poly-
vinyl alcohol and the mixed spinning solution was spun
as described in Example 1. The fibers produced were
subjected to the heat treatment and to benzalization under
the conditions described in Example 2, the product hav-
ing ‘a degree of benzalization of 27 mol percent. The
characteristics of these fibers are shown in Table I (Sample
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E). The fibers were pure white and of high trans-
parency and had excellent dyeability and resilience.

Example 4

Partially saponified polyvinyl acetate having a degree
of polymerization of 1,750 and containing 85 mol per-
cent of vinyl alcohol unifs was reacted with 15% of urea
in an extruder for 5 minutes to produce a molten product
and then the product was poured into an aqueous solu-
tion of methanol and purified. This product had a nitro-
gen content of 1.5%. It was then mixed with polyvinyl
alcohol having a degree of polymerization of 1,700 in a
1:1 ratio and dissolved in water to provide a 15% aqueous
solution which was wet-spun. The fibers thus obtained
were subjected to heat stretching (100% at 230° C. for
32 seconds) and heat shrinkage (10% at 235° C. for
30 seconds) and were then subjected to formalization or
benzalization as in Examples 1 and 2, respectively. Both
fiber samples had a high degree of whiteness, excellent
transparency, and good dyeability to direct dyes, sulphur
dyes, mordant dyes, disperse dyes, basic dyes and azo
dyes.

Example 5

A mixture of polyvinyl alcohol having a degree of
polymerization of 670, 500% of urea and 500% of di-
methylformamide, based on the polyvinyl alcohol, was
reacted at 150° C. for 2 hours and then purified. This
product had a 3.0% nitrogen content. It was mixed in
the amount of 10% with polyvinyl alcohcl having a degree
of polymerization of 1,600 to produce a wet-spinning
solution which was then wet-spun. The resulting fibers
were heat-stretched by 230% and heat-treated at con-
stant length at 235° C. They were then treated in an
aqueous solution containing 0.5% of sodium periodate,
17% of sulphuric acid and 20% of sodium sulphate at
70° C. for 1 hour. The fibers thus obtained were resist-
ant to hot water (with pressure) of 125° C. and were
highly hygroscopic, and had a strain-stress relation sim-
ilar to cotton. They also exhibited a dyeability to cofton
dyes, such as direct dyes, which was superior to that of
cotton itself.

Example 6

Urea was reacted with an ethylene-vinyl alcohol co-
polymer containing 5 mol percent of ethylene units in
the manner described in Example 1. Nine hundred grams
of the reaction product thus obtained, containing 1.2%
of nitrogen, and 2,100 g. of polyvinyl alcohol having a
degree of polymerization of 1,700 were dissolved in 6,000
g. of water to produce a spinning solution having a 33%
polymer concentration. This spinning solution was dry-
spun by extruding it from a spinneret having 30 holes,
each of 0.2 mm. diameter, into air. The fibers thus
obtained were subjected to formalization or benzalization
under the conditions described in Examples 1 and 2, re-
spectively. The two samples of fibers thus obtained did
not yellow in contrast to the yellowing of fibers obtained
from an aqueous solution containing polyvinyl alcohol
only and subjected to similar heat-treatment and acetaliza-
tion, and the two fiber samples exhibited excellent dye-
ability to direct dyes and other kinds of dyes.

Example 7

To 2 kg. of a dry powder consisting of saponified poly-
vinyl acetate having a degree of polymerization of 1,700
and containing 98 mol percent of vinyl alcohol units was
added 1 kg. of an aqueous solution containing 200 g. of
urea and the solution and the powder thoroughly mixed,
then dried and fed a liitle at a time into an extruder
which subjected the mixture to reaction at 200° C. for
3 minutes and extruded the reaction product. 45 g. of
the polyvinyl alcohol derivative thus obtained were mixed
with 225 g. of the polyvinyl alcohol, having degree of
polymerization of 1,700, 22.5 g. of starch and 1680 g.
of water, and the mixture was heated and stirred to effect
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solution, and was then filtered to produce a spinning
solution. This spinning solution was extruded through
a nozzle of 0.08 mm. diameter into a saturated sodium
sulphate coagulation bath at 45° C., and the fibers thus
spun were stretched 400% between rollers and, after dry-
ing, were subjected to heat treatment at constant length
at 235° C. for 1 hour. They were then subjected to
formalization in an aqueous solution containing 5% of
formaldehyde, 15% of sulphuric acid and 15% of sodium
sulphate at 70° C. for 1 hour, to provide a degree of
formalization of 41 mol percent. The fibers thus obtained
exhibited a 5% shrinkage in boiling water, a tenacity of
4.0 g./denier and a dye-absorption of 19 mg./g. The
depth of color (K/S value at 10 mg./g. dye-absorption)
was 11. In contrast to ordinary Vinylon fibers (Sample A)
spun from an aqueous solution containing polyvinyl alco-
hol alone and subjected to subsequent treatments under
the same conditions, the fibers of this example had a
homogeneous cross-section, a transparent appearance, and
excellent dyeability. Their dyeability was superior to that
of fibers obtained from a solution of polyvinyl alcohol and
starch or a polyvinyl alcohol-urea reaction product.

Example 8

The procedure of Example 7 was repeated through the
heat-treatment step. Then the fibers were benzalized
in an agueous solution containing 1.75% of benzaldehyde,
10% of sulphuric acid and 40% of methanol at 60° C.
for 1 hour, to produce a degree of benzalization of 23.5
mol percent. The thus-treated fibers exhibited 6% shrink-
age in boiling water, a tenacity of 3.6 g./denier, a dye-
absorption of 14 mg./g., a depth of color (K/S value at
10 mg./g. dye-absorption) of 10, and their dyeability
to direct dyes was excellent and similar to formalized
Vinylon. In comparison, fibers (Sample B) obtained
from an aqueous solution containing polyvinyl alcohol
alone could not be dyed to any substantial extent and
when compared with fibers spun from an aqueous solu-
tion of starch and polyvinyl alcohol, the fibers of this
example had excellent dyeability, particularly depth of
color, and they were superior in dyeability to fibers spun
from an aqueous solution of the mixture of a polyvinyl
alcohol urea reaction product and polyvinyl alcohol.
Moreover, when the fibers were dyed with the disperse
dye, Diacelliton Brilliant Blue BF, in the amount of 3%
(based on the fibers), at 90° C., for 2 hours, the fibers
absorbed 90% of the dyestuff and they exhibited a deeper
color than the fibers of any of the preceding examples.

Example 9

An aqueous solution of a mixture of 10 parts of a poly-
vinyl alcohol-urea reaction product similar to that of Ex-
ample 7, 90 parts of polyvinyl alcohol of a degree of
polymerization of 1,500, and 10% (based on the polyvinyl
alcohol) of sodium carboxymethyl cellulose (CMC), was
spn and the fibers thus obtained wer subjected to 100%
roller stretching and, after drying, 400% stretching at
230° C., and 10% hot shrinkage at 235° C. The fibers
were then formalized with 5% of formaldehyde and 15%
of sulphuric acid at 70° C. for 1 hour. The fibers thus
obtained had a tenacity of 8.5 g./denier and their dyeabil-
ity with a direct dye (Congo red) was clearly superior to
that of fibers formed from polyvinyl alcohol alone, and
fibers obtained by mixed spinning of a mixture of sac-
charides and polyviny! alcohol, or fibers produced from a
solution of a polyvinyl alcohol-urea reaction product and
polyvinyl alcohol, under the same conditions.

Example 10

Polyvinyl alcohol having a degree of polymerization of
600 was mixed with 30% of urea and the mixture was
subjected to reaction and the reaction product was puri-
fied. Ten parts of the reaction product, which contained
3.0% of nitrogen, 90 parts of polyvinyl alcohol, having
a degree of polymerization of 1,800, and gum arabic in
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the amount of 10% '(based on the total polymer compo-
nent) were mixed and added to water to form a spinning
solution which was spun to form fibers. These. fibers
were subjected to heat-treatment and then subjected . to
formalization or benzalization. The two samples of
fibers thus obtained had much better dyeability than fibers
made of polyvinyl alcohol alone and prepared under the
same conditions. ‘

Example 11

Ten parts of a reaction product containing 2.2% of
nitrogen obtained by reacting urea with partially-saponi-
fied polyvinyl acetate containing 88 mol percent of vinyl
alcohol units, were mixed with 90 parts of polyvinyl alco-
hol having a degree of polymerization of 1,600, and 10%
(based on the total polymer component) of glucose and
formed into an aqueous spinning solution. . This solution
was spun and the fibers thus obtained were heat stretched
by 250% at 230° C., heat-treated at constant length at
235° C. and treated in an aqueous solution containing
0.5% of sodium periodate, 17% of sulphuric acid and
20% sodium sulphate at 70° C. for 1 hour. The fibers
were then immersed in a solution containing 3.5% of benz-
aldehyde, 10% of sulphuric acid and 40% of methanol
at 60° C, for 1 hour, to produce fibers having a degree of
benzalization of 32%. These fibers had better water
resistance, elongation and resilience when compared with
polyvinyl alcohol fibers produced in the same manner,
and they exhibited excellent dyeability with Diacellition
Brilliant Blue BF (3% based on the fibers) at 90° C. for
2 hours, and they were clear in color.

Example 12

Twenty parts of a reaction product containing 1.1% of
nitrogen obtained by reacting urea with saponified poly-
vinyl acetate containing 98 mol percent of vinyl alcohol
units, were mixed with 80 parts of polyvinyl alcohol, hav-
ing a degree of polymerization of 1,500, 10% of starch
(based on the total polymer component) and 10% of so-
dium sulphate (based on the total polymer component),
and the mixture made into a spinning solution which was
spun under the conditions described in Example 7. The
resulting fibers were subjected to heat treatment and then
formalization or benzalization. The fiber samples thus
obtained had a homogeneous cross-section of substantially
circular shape and had desirable contact feel. Their dye-
ability to direct dyes was clearly superior to that of fibers
made of polyvinyl alcohol alone and produced in similar
manner.

Example 13

A mixed aqueous spinning solution containing 5 parts
of a reaction product containing 2.2% of nitrogen and
obtained by the reaction of urea with polyvinyl alcohol
of a degree of polymerization of 1,700, 95 parts of poly-
vinyl alcohol of a degree of polymerization of 1,600, and
7% (based on total polymer component) of CMC, was
spun into a solution of 350 g./l. of sodium sulphate at
55° C. The fibers were air dried and subjected to 700%
heat stretching in air at 230° C., then 15% shrinkage in
air at 235° C. Then the fibers were acetalized in an
aqueous solution containing 0.5% of formaldehyde, 2%
of g-cyclohexylaminobutyraldehyde, 15% of sulphuric
acid and 10% of sodium sulphate at 60° C. for 2 hours.
The thus-treated fibers had a substantially circular cross-
section and showed a deep color depth when dyed with acid
Brilliant Scarlet 3R (C.I. Acid Red 18), 2% in 1% sul-
phuric acid at 80° C. for 1 hour. This dyeability was
far superior to that of fibers made of polyvinyl alcohol
alone and produced in the same manner.

It will be understood that, unless otherwise indicated,
conventional operations and conventional apparatus are
employed in carrying out the invention including con-
ventional mixing apparatus. Similarly, conventional spin-
ning, dyeing, and fiber-treating techniques and apparatus
are suitably employed with respect to fibers produced
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from the spinning solutions of this invention. The con-
ditions and the relative relationships set forth in the ex-
amples are those preferred in carrying out the invention
but it will be understood that other conditions and rela-
tionships may be used within the scope of the invention.
For example, when a water-soluble saccharide is em-
ployed as a component of the spinning solution it is desir-
able that it be present in an amount of at least 1% based
on the other polymer components of the solution. Fur-
thermore, all percentages used in the foregoing descrip-
tion are percentages by weight, unless otherwise indicated.

It will also be understood that various changes and
modifications in addition to those indicated above may be
made in the embodiments herein described without de-
parting from the scope of the invention as defined in the
appended claims. It is intended, therefore, that all mat-
ter contained in the foregoing description shall be inter-
preted as illustrative only and not as limitative of the
invention.

We claim:

1. In the manufacture of polyvinyl alcohol fibers, the
steps which comprise preparing an aqueous spinning solu-
tion comprising a mixture of polyvinyl alcohol and a
water-soluble polyvinyl alcohol derivative produced by
the reaction of polyvinyl alcohol and urea, said derivative
containing 0.1 to 6% of nitrogen derived from said urea,
and the nitrogen content of the total polymer component
of said solution being 0.05 to 4.5%, and spinning said solu-
tion to form fibers therefrom.

2. In the manufacture of polyvinyl alcohol fibers, the
steps which comprise preparing an aqueous spinning solu-
tion comprising a mixture of polyvinyl alcohol, a water-
soluble saccharide, and a water-soluble polyvinyl alcohol
derivative produced by the reaction of polyvinyl alcohol
and urea, said derivative containing 0.1 to 6% of nitrogen
derived from said urea, the nitrogen content of the total
polymer component of said solution being 0.05 to 2.0%,
and the amount of said water-soluble saccharide being 1
to 35% based on the total vinyl alcohol polymer compo-
nent, and spinning said solution to form fibers therefrom.

3. A process as defined in claim 1, wherein the poly-
vinyl alcohol used in forming the polyvinyl alcohol de-
rivative contains at least 80 mol percent of vinyl alcohol
units.

4, In the manufacture of polyvinyl alcohol fibers, the
steps which comprise preparing an aqueous spinning solu-
tion comprising a mixture of polyvinyl alcohol and a
water-soluble polyvinyl alcohol derivative produced by the
reaction of polyvinyl alcohol and urea, said derivative
containing 0.1 to 6% of nitrogen derived from said urea,
and the nitrogen content of the total polymer component
of said solution being 0.05 to 4.5%, spinning said solution
to form fibers therefrom, drawing the fibers at a draw
ratio of 1:1.1 to 1:9, subjecting the drawn fibers to hot
shrinkage of 0 to 30% at 150 to 250° C. for 1 second
to 30 minutes, and acetalizing the fibers with an aldehyde
having 1 to 12 carbon atoms.

5. In the manufacture of polyvinyl alcohol fibers, the
steps which comprise preparing an aqueous spinning solu-
tion comprising a mixture of polyvinyl alcohol, a water-
soluble saccharide, and a water-soluble polyvinyl alcchol
derivative produced by the reaction of polyvinyl alcohol
and urea, said derivative containing 0.1 to 6% of nitrogen
derived from said urea, and the nitrogen content of the
total vinyl alcohol polymer component of said solution
being 0.05 to 2%, and the amount of said water-soluble
saccharide being 1 to 35% based on the total vinyl alco-
hol polymer component, spinning said solufion to form
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fibers therefrom, drawing the fibers at a draw ratio of
1:1.1 to 1:9, subjecting the drawn fibers to hot shrinkage
of 0 to 30% at 150 to 250° C. for 1 second to 30 minutes,
and acetalizing the fibers with an aldehyde having 1 to 12
carbon atoms.

6. An aqueous spinning solution for use in the manu-
facture of polyvinyl alcohol fibers of improved character-
istics which comprises an aqueous solution containing a
mixture of polyvinyl alcohol and a water-soluble poly-
vinyl alcohol derivative produced by the reaction of poly-
vinyl alcohol and urea, said derivative containing 0.1 to
6% of nitrogen derived from said urea, and the nitrogen
content of the total polymer component of said solution
being 0.5 t0 4.5%.

7. An aqueous spinning solution for use in the manu-
facture of polyvinyl alcohol fibers of improved charac-
teristics which comprises an aqueous solution containing
a mixture of polyvinyl alcohol, a water-soluble saccharide,
and a water-soluble polyvinyl alcohol derivative pro-
duced by the reaction of polyvinyl alcohol and urea, said
derivative containing 0.1 to 6% of nitrogen derived from
said urea, the nitrogen content of the total vinyl alcohol
polymer component of said solution being 0.05 to 2.0%,
and the amount of said water-soluble saccharide being 1
to 35% based on the total vinyl alcohol polymer com-
ponent.

8. A spinning solution as defined in claim 6, wherein
the polyvinyl alcohol used in forming the polyvinyl alco-
hol derivative contains at least 80 mol percent of vinyl
alcohol units.

9. A spinning solution as defined in claim 7, wherein
the polyvinyl alcohol used in forming the polyvinyl alco-
hol derivative contains at least 80 mol percent of vinyl
alcohol wunits.

19. Polyvinyl alcohol fibers of improved characteristics
produced by spinning an aqueous solution containing a
mixture of polyvinyl alcohol and a water-soluble poly-
vinyl alcohol derivative produced by the reaction of poly-
vinyl alcohol and urea, said derivative containing 0.1 to
6% of nitrogen derived from said urea, and the nitrogen
content of the total polymer component of said solution
being 0.05 to 4.5%.

11. Polyvinyl alcohol fibers of improved characteristics
produced by spinning an aqueous solution containing a
mixture of polyvinyl alcohol, a water-soluble saccharide,
and a water-soluble polyvinyl alcohol derivative produced
by the reaction of polyvinyl alcohol and urea, said deriva-
tive containing 0.1 to 6% of nitrogen derived from said
urea, the nitrogen content of the total vinyl alcohol
polymer component of said solution being 0.05 to 2.0%,
and the amount of said water-soluble saccharide being 1
to 35% based on the total vinyl alcohol polymer com-
ponent.
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