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ABSTRACT OF THE DISCLOSURE 
A process for producing polyvinyl alcohol ‘?laments 

of circular cross-section excelling in drawability Wl’llCh 
comprises using as a spinning solution an aqueous poly 
vinyl alcohol solution of 10-30 weight percent concentra 
tion containing 1-5 weight percent, based on the poly 
vinyl alcohol, of a water-soluble boric acid compound, the 
pH of said solution being adjusted to 3-5, and spinning 
said aqueous polyvinyl alcohol solution from circular 
spinning holes into an aqueous coagulating bath contain 
ing 20-100 grams per liter of an alkali hydroxide and 
100-180 grams per liter of sodium sulfate, the pH of said 
bath being adjusted to 13.5-14. 

This invention relates to a process for producing poly 
vinyl alcohol ?laments and, in particular, to a process for 
producing polyvinyl alcohol (hereinafter abbreviated to 
PVA) ?laments having a circular cross-section true to the 
shape of the spinning hole and of a homogeneous and com 
pact structure, which moreover excel in drawability. 

With a view to obtaining hollow or transparent PVA 
?laments, it has been known to spin an aqueous PVA solu 
tion containing a water-soluble boric acid compound in an 
amount of 1 weight percent, at most based on the PVA, 
into an aqueous coagulating bath containing predomi 
nantly sodium or ammonium sulfate and adjusted to an 
alkaline state of a pH of the order of 8-9 with a small 
quantity of sodium hydroxide, ammonia or ammonium 
borate. However, in these methods, due to the fact that 
the content of the boric acid compound of the aqueous 
PVA solution was small and the pH of the aqueous 
coagulating bath was near neutral, the solidi?cation of the 
freshly spun ?laments was not only‘slow but also the 
resulting ?laments did not have a cross-sectional con?gu 
ration which was true to the shape of the spinning hole 
nor was the structure of the ?laments suf?ciently compact. 
The object of the present invention therefore resides in 

providing a process for producing PVA ?laments which 
do not possess the above-described shortcomings, this 
being accomplished by increasing the content in the 
aqueous PVA solution of the boric acid compound and 
by using a strongly alkaline aqueous coagulating bath. 

According to our experiments we found that when an 
aqueous PVA solution containing a relatively large 
amount of a boric acid compound, as 1-5 weight percent, 
is extruded into a strongly alkaline aqueous coagulating 
bath containing a large quantity of an alkali hydroxide, 
the spinning could not be accomplished because of the 
abnormal high speed of coagulation. This is believed to 
be due to the fact that the large quantity of the boric acid 
compound contained in the aqueous PVA solution sets up 
a cross-linking reaction with the PVA under strongly 
alkaline conditions. As a result of a comprehensive con 
sideration of these facts, we found that for achieving the 
foregoing object of the present invention by spinning an 
aqueous PVA solution containing a relatively large 
amount of the boric acid compound it was necessary to 
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use an aqueous coagulating bath composed of a large 
quantity of an alkali hydroxide (this is an important con 
dition for obtaining ?laments having a compact structure 
and a cross-sectional con?guration true to the shape of the 
spinning hole) along with a large quantity of sodium 
sulfate (this in an important condition for obtaining good 
spinnability). 
That is to say, according to the present invention, PVA 

?laments of circular cross—section and homogeneous and 
compact structure can be obtained by spinning an aqueous 
PVA solution of 10-30 weight percent concentration whose 
pH has been adjusted to 3-5 and containing 1-5 weight 
percent, based on the PVA, of a water-soluble boric acid 
compound, from circular spinning holes into an aqueous 
coagulating bath containing 20-100 grams per liter of an 
alkali hydroxide and 100-180 grams per liter of sodium 
sulfate, whose pH has been adjusted to 1155-14. The so 
obtained ?laments not only excel in drawability but also 
are without any nonuniformity in any of their properties 
at any portion longitudinally of the ?laments, and more 
over have an excellent touch and luster. 
The aqueous PVA solution of a concentration of 10-30 

weight percent to be used for spinning in the present in 
vention must be, as hereinbefore noted, one containing 
1-5 weight percent and preferably 2-3 weight percent, 
based on the PVA, of a water-soluble boric acid com— 
pound and whose pH is moreover 3-5. As the boric 
acid compounds, included are such, for example, as boric 
acid and the water-soluble boric acid salts as sodium 
borate, potassium borate, ammonium borate and lithium 
borate. When the amount based on the PVA of these boric 
acid compounds is less than 1 weight percent, the coagula 
tion speed is too slow, with the consequence that adhesion 
takes place between the freshly spun ?laments. On the 
other hand, when the amount is greater than 5 weight 
percent, the coagulation speed is too fast, and in conse 
quence breakage of the ?laments immediately subsequent 
to their extrusion tends to take place. The adjustment of 
the pH of the aqueous PVA solution is carried out in cus 
tomary manner by adding a minute quantity of a mineral 
acid such, for example, as sulfuric acid, hydrochloric acid 
or nitric acid. When the pH of the aqueous PVA solution 
is less than 3, the problem of the corrosion of the equip 
ment arises on account of the excess acidity as well as 
the shortcoming which results from the coagulation speed 
being too slow. On the other hand, when the pH exceeds 
5, the aqueous PVA solution becomes unstable, and the 
spinnability becomes poor because of too fast a coagula 
tion speed. When the PVA concentration of the aqueous 
PVA solution is less than 10 weight percent, its coagu 
lability is low and only ?laments of low tenacity which are 
susceptible to breakage can be obtained, whereas when 
the PVA concentration exceeds 30 weight percent, the 
viscosity is too high and spinning is made difficult. The 
preferred PVA concentration of an aqueous PVA solution 
to be used for spinning ?laments ranges from 14 to 20 
weight percent. 

According to the present invention, an aqueous PVA 
solution such as hereinbefore described is spun at a tem 
perature of 20-40" C. in accordance with the customary 
_PVA wet-spinning technique from circular spinning holes 
into an aqueous coagulating bath containing 20-100 grams 
per liter of an alkali hydroxide and 100-180 grams per 
liter of sodium sulfate, whose pH has been adjusted to 
13.5-14. Thus the swelling of the ?laments in the aqueous 
coagulating bath is prevented and ?laments having a cir 
cular cross-section and of homogeneous and compact 
structure are formed. When the concentration of the 
alkali hydroxide is less than 20 grams per liter the coagu 
lation speed is slow, with the consequence that the cross 
sectional con?guration of the spun ?laments does'not be 
come round but becomes ?at. On the other hand, when 
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the concentration of the alkali hydroxide exceeds 100 
grams per liter, an extreme decline in the spinnability 
occurs. The preferred concentration of the alkali hydroxide 
ranges from 40-80 grams per liter. Sodium hydroxide or 

4 
As regards the ?laments of Controls 1 and 2, they 

were not circular in cross-section but were of cocoon 
shape and, in addition, they were of dual structure, being 
made up of skin and core portions. On the other hand, 

potassium hydroxide, and especially the former, is suitable 5 the ?laments of Examples 1-4 had a circular cross-sec 
as the alkali hydroxide. When the sodium sulfate is used tion and, as can be seen from Table I, had a great critical 
in an amount less than 100 grams per liter, the spin- draw ratio, in addition to excelling in their tenacity and 
ability declines and spinning either becomes totally impos- resistance to hot water. 
sible or barely possible only when the spinning speed has . 
been greatly retarded. On the other hand, when the 10 EXAMPLE 5 
amount of sodium sulfate exceeds 180 grams per liter, 3'4 grams (2 Weight Pefc?llt based on the PVA) of 
the dehydration speed becomes too fast so that instead of hori? acid was added to 830 cc- of Water, the PH 0f the 
being an advantage the formation of ?laments having a $°h1t1911 being adihstedfo 4 by the addition of a minute 
circular cross-section becomes dif?cult, and ?laments hav- quahtlty of Sulfur 1C acld- A 17 Weight Percent aqueous 
ing a ?at or cocoon-shaped cross-section are formed as in 15 Solutlon of PVA Was PrePaTe‘d ‘by addlhg 170 grams of 
the case where the spinning has been carried out by ex- PVA of h degree of Polymenzation 01‘- 1700 and degree 
trusion of the PVA solution into a conventional aqueous of sifponl‘?catioh of 99-5 11101 Percent to this aqueous 
coagulating bath consisting predominantly of sodium sul- $°111t1°n~ . ' 
fate or sodium carbonate. The preferred concentration of This aqueous PVA sohltlon Was Spun at an extrusion 
sodium sulfate ranges between 120 and 150 grams per liter. 20 rate °_f 955 grams Pei‘ mlmlte from a splmleret havlng 
The ?laments Spun into an aqueous coagulating bath 300 clrcular holes each 0.11 mm. in diameter, into.an 

according to the invention process are then taken out and aqueou‘s coagulatlhg bath Contalnlng 76 grams Per hter 
submitted to such after-treatments as neutralization, draw- of sodlum hydroxlde and 122 grams P61‘ lltel' of Sodium 
ing and heat treatment thereby imparting to the ?laments Sulfate, and adjl1§ted to 3 PH of 14- The freshly Spun 
the various properties which they must possess to be of 25 ?laments were “flthdl'awn from the bath at a SPeFd of 
practical use. These after treatments may be carried out in 10 meters per rulrlute, drawn 100%, neutralized w1th_an 
customary manner. This is because the feature of the pres- aqueous heutr‘allllng hath Contalnlng '60 grams P61‘ hter 
ent invention resides in the point that an aqueous PVA 0f Sulfllflc acld ‘and 300 grams per hter of sodlum sul 
solution of speci?ed composition and pH is spun into an fate’ then Suhmltted {0 Wet-heat drawlng of 1.00% fol 
aqueous coagulating bath of speci?ed composition and pH, 30 lowed by . wat?r-washlng and ‘thereafter submitted dry 
but otherwise the operating conditions and apparatus used heat dra‘fvmg of 300% to Obtam ?laments having a total 
heretofore in the wet-spinning of PVA can all be applied draw "mo of 1_50O%- _ _ 
with no change whatsoever_ The so obtained ?laments had a circular cross-section 
The invention will be illustrated more Speci?cally by true to the shape of the spmmng holes and their structure 

the following examples and controls, it being understood 35 Was_ homogemious- The tenaclty W?“ 13-2 grams Per 
that these are not to be construed as limiting the invem denier, elongation was 5.5% and resistance to hot water 
tion in any manner whatsoever. was 119° C 

CONTROL 4 
EXAMPLES 14 AND CONTROLS 1-3 The aqueous PVA solution as used in Example 1 was 

Boric acid in an amount indicated in Table I was added 40 Spun under identical. conditions as .inf?cated therein’ ipto 
and dissolved in 18 weight percent aqueous solution of an aquFous coagutatmg bath contammg 2 grams Per 1.1ter 
PVA having a degree of polymerization of 1700 and a of sodium hydrox1de and 250 grams per hter of sodium 
degree of saponi?cation of 99.5 mole percent. The pH of Sulfate’ am}, of PH 12'7‘ The freshly Spun ?laments were 
this solution was then adjusted to the value indicated in 45 drawn 100/0 'lvlth rollers’ ‘neutralized’ then Submmed.m 
Table I with a minute quantity of sulfuric acid. This aque- Wet'heat drawmg of. 100%’ followed by ‘yater'washmg 
ous PVA solution was spun from circular spinning holes and thtafrea?er submlttqd to dry'heat drawing of 200% 
into an aqueous coagulating bath of the composition and to obtam ?lamglts havmg a total draw ratlo of 1100.%' 
pH indicated in Table I. The freshly spun ?laments were The 8.0 obtatned ?lametlts had an oval cross'sectlon 
drawn 100% with rollers and then neutralized in a neu- 50 and the“ tenaglty and resistance to hqt Water were 8'6 
tralizing bath containing 60 grams per liter of sulfuric acid ‘grams per duper kind 102 C" respectively’ both values 
and 300 grams per liter of Sodium Sulfate. This was {0L being greatly 1nfer1or to those of the ?laments of Exam 
lowed by submitting the ?laments to wet-heat drawing of P16 5' 
100%, water-washing and dry-heat drawing of 225% to EXAMPLE 6 
obtain ?laments whose total draw ratio was 1200%. The 55 To 1000 grams of 20 weight percent aqueous PVA 
properties of the so obtained ?laments are shown in solution containing 200 grams of PVA of a degree of 
Table I. polymerization of 1700 and a degree of saponi?cation of 

TABLE I 

Properties 01‘ the ?laments of total 
Aqueous coagulating bath draw ratio 1,200% 

Amount of 
boric acid pH of Composition (g.ll.) Resistance Critical 
based on aqueous to hot draw 
PVA (wt. PV Sodium Sodium Denier Tenacity Elongation water 1 ratio 

Experiment No. percent) solution hydroxide sulfate pH Number (gJdenier) (percent) (° 0.) (percent) 

0 400 7 4.01 10.2 0.0 100 1,200 
so 100 14 3.5 10.7 0.5 103 1,000 
20 150 13-7 (2) (3) (2) (2) (2) 

80 150 14 4.02 12.0 0.4 116 2,100 
40 150 14 a. 15 12.0 0.2 110 2,100 
30 100 14 2.45 12.7 4.0 118 1,900 
40 100 14 a. 00 12.0 5.8 114 1,900 

t Resistance to hot water denotes the melt-breakage temperature of the ?laments in pressurized hot water. 
2 Could not be measured, since spinning was not possible. 
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99.5 mol percent was added 8 grams (4 weight percent 
based on the PVA) of boric acid, after which the pH 
of the aqueous solution Was adjusted to 3.1 by adding 
one gram of sulfuric acid. This aqueous PVA solution 
was spun from a spinneret as described in Example 5, into 
an aqueous coagulating bath containing 23 grams per 
liter of sodium hydroxide and 145 grams per liter of 
sodium sulfate, and adjusted to a pH 13.8. The freshly 
spun ?laments were drawn 100% with rollers, neutralized, 
then submitted to wet-heat drawing of 100%, water 
washed and thereafter submitted to dry-heat drawing of 
200% to obtain ?laments having a total draw ratio of 
1100%. 
The cross-section of the so obtained ?laments were 

circular, and they had a homogeneous structure. The 
tenacity was 12.3 grams per denier, resistance to hot 
water was 118° C. and critical draw ratio was 1900%. 

CONTROL 5 

Example 6 was repeated except that the aqueous co 
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6 
of the aqueous solution to 3. This aqueous solution was 
spun from a spinneret of the type used in Example 5, 
into an aqueous coagulating bath containing 35 grams 
per liter of sodium hydroxide and 143 grams per liter 
of sodium sulfate, and of a pH 13.8. The freshly spun 
?laments were drawn 100% with rollers and then the 
alkali adhering to the ?laments was neutralized in a 
neutralizing bath containing 80 grams per liter of sul 
furic acid and 300 grams per liter of sodium sulfate. 
This was followed by submitting the ?laments to wet-heat 
drawing of 100%, then water-washing and thereafter to 
dry-heat drawing of 200%. 
The so obtained ?laments had a circular cross-section 

true to the shape of the spinning hole, and the tenacity 
of the ?laments were 11.8 grams per denier and the re 
sistance to hot water was 119° C. 

CONTROLS 7-10‘ 

These experiments were operated exactly as in Exam 
ple 5 except for the conditions indicated in Table II. 

TABLE II 

Aqueous coagulating bath 
Amount of --——--—-—--——-— 
boric acid Composition (g./l.) Total draw 
based on pH of ratio of 

Experiment PVA (wt. aqueous Sodium Sodium ?laments 
No, percent) solution hydroxide sulfate pH (percent) 

Control: 
7 __________ _- 0. 5 4 60 150 14 1, 100 
s __________ -- 2. 0 6 50 110 14 1, 000 
9 __________ __ 2. 5 4. 2 110 145 14 1, 050 
10 _________ __ 3. 5 3. 7 50 80 14 ____________ __ 

agulating bath used was one containing 300 grams per 
liter of sodium sulfate and 40 grams per liter of am 
monia, and of pH 11.8. The resulting ?laments had a ?at 
cross-section and their tenacity and resistance to hot 
water were only 9.3 grams per denier and 102° C., re 
spectively. 

EXAMPLE 7 

To 1000 grams of 16 weight percent aqueous PVA 
solution containing 160 grams of PVA of a degree of 
polymerization of 2350 and a degree of saponi?cation 
of 99.8 mol percent was added 3.6 grams (2.25 weight 
percent based on the PVA) of sodium borate, followed 
by the addition of a minute quantity of hydrochloric acid 
to adjust the pH of the aqueous solution to 4. This 
aqueous PVA solution was spun from a spinneret of the 
same type as used in Example 5, into an aqueous co 
agulating bath containing 50 grams per liter of sodium 
hydroxide and 155 grams per liter of sodium sulfate, and 
of a pH 14. The freshly spun ?laments were withdrawn 
from the bath at a speed of 10 meters per minute, fol 
lowed by drawing 100% with rollers and neutralizing, 
after which the ?laments were submitted to wet-heat 
drawing of 200%, water-washing and thereafter dry-heat 
drawing of 230% to obtain ?laments having a total draw 
ratio of 1900%, whose cross-section was circular, tenacity 
was 14.5 grams per denier and resistance to hot water 
was 122° C. 

CONTROL 6 

Except that the aqueous coagulating bath was one con 
taining 350 grams per liter of sodium sulfate and 250 
grams per liter of ammonia, and of a pH 13.5, the ex 
periment was otherwise operated as in Example 7. 

The cross-section of the resulting ?laments was oval, 
and their tenacity, resistance to hot water and critical 
draw ratio were only 9.5 grams per denier, 104° C. and 
1100%, respectively. 

EXAMPLE 8 

To 1000 grams of 14 weight percent aqueous PVA 
solution containing 140 grams of PVA of a degree of 
polymerization of 2800 and a degree of saponi?cation of 
99.8 mol percent was added 3.5 grams (2.5 weight percent 
based on the PVA) of boric acid, followed by the addi 
tion of a minute quantity of nitric acid to adjust the pH 
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The results were as follows: 
In Control 7, due to the slowness of the coagulation 

speed, undue adhesion between the ?laments occurred. 
The tenacity of the resulting ?laments were 10.4 grams 
per denier, their resistance to hot water was 102° C., 
and the critical draw ratio was 1350% . 

In Control 8, the spinning was possible on the whole 
but frequent breakage of the ?laments took place. The 
tenacity of the resulting ?laments were 8.6 grams per 
denier, the resistance to hot water was 102° C. and the 
critical draw ratio was 1050% . 

In Control 9, due to the coagulation speed being too 
fast, it was di?icult to apply a draft during spinning of 
the ?laments, and frequent breakage of the ?laments 
were noted. The resulting ?laments had a tenacity of 
10.6 grams per denier, a resistance to hot water of 105° 
C. and a critical draw ratio of 1100%. 

In Control 10, the spinnability was poor owing to the 
fact that the dehydration speed at the time of spinning 
was too slow. While it was possible to form the ?la 
ments by retarding the spinning speed to an extreme 
degree, the ?laments thus obtained did not have prop 
erties which were worthy of being measured. The criti 
cal draw ratio was 1200%. 
We claim: 
1. A process for producing polyvinyl alcohol ?laments 

of circular cross-section excelling in drawability which 
comprises spinning from circular spinning holes an aque 
ous polyvinyl alcohol spinning solution of 10-30 weight 
percent concentration containing 1-5 weight percent, 
based on the polyvinyl alcohol, of a water-soluble boric 
acid compound selected from boric acid, potassium borate, 
sodium borate, lithium borate and ammonium borate, the 
pH of said solution being adjusted to 3-5, with a mineral 
acid into an aqueous coagulating bath containing 20-100 
grams per liter of an alkali hydroxide and 100-180 grams 
per liter of sodium sulfate, the pH of said bath being ad 
justed to 13.5—14. 

2. The process of claim 1 wherein said water-soluble 
boric acid compound is boric acid. 

3. The process of claim 1 wherein said alkali hydroxide 
is sodium hydroxide. 

4. The process of claim 1 wherein said alkali hydroxide 
is potassium hydroxide. 

5. A process for producing polyvinyl alcohol ?laments 
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of circular cross-section excelling in drawability which 
comprises spinning from circular spinning holes an aque 
ous polyvinyl alcohol spinning solution of 14-20‘ Weight 
percent concentration containing 2-3 weight percent, 
based on the polyvinyl alcohol, 01:’ a Water-soluble boric 
acid compound selected from boric acid, potassium borate, 
sodium borate, lithium borate and ammonium borate, the 
pH of said solution being adjusted to 3-5, with a mineral 
acid at a temperature of 20-40’ C. into an aqueous co 
agulating bath containing 40-80 grams per liter of an 
alkali hydroxide and 120-150 grams per liter of sodium 
sulfate, the pH of said bath being adjusted to 13.5-14. 
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