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This invention relates to the production of syn-
thetic fibers. More particularly; it relates to the
production of novel fibers from polyvinyl alcohol.

Tt is known that polyvinyl alcohol .can be.spun
into fibers which; when oriented by drawing,
possess high tensile strength. . In addition, these
fibers have the advantages of insolubility in or-
ganic solvents, e. g. dry cleaning solvents, and.of
a high softening point which permits: ironing
when dry.. However, they have the:great dis-
advantage of water-sensitivity.: :Ordinary poly-
vinyl alecohol yarn dissolves rapidly in water,
particularly at elevated temperature.. . This has
counteracted the advantages mentioned above to
the extent that polyvinyl alcohol: fibers have
found no practical utility in the textile industry.
Methods have been proposed whereby the water
sensitivity of the fiber can be eliminated or con-
siderably reduced by:chemical treatment with an
insolubilizing agent.
are expensive and sometimes introduce undesir-
able physical characteristics in the ‘textile made
from the treated fibers.. There was. therefore a
need for polyvinyl alcohol fibers possessing: re-
sistance’ to- water and, in particular, resistance
to shrinkage therefrom, even at the boiling point,
and free from the objectionable aspects.of added
insolubilizing agents. . BT .

This invention has as an object the production
of a highly oriented, high tenacity polyvinyl al-
cohol fiber which, without chemical aftertreat-
ment, is resistant to boiling water. A further

However, such treatments :
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object is a process-for preparing such fibers. .

Other objects will appear hereinafter.

. For the sake of accuracy, & water-resisﬁént

polyvinyl .alcohol fiber is here defined as :one
which shrinks less than 10% of its length when
immersed under substantially no tension in water
at 100° C. during a six-minute test. No previous
sample of polyvinyl alcohol has heretofore been

known to give a fiber capable of withstanding -

such a test without chemical aftertreatment.
Fibers from ordinary polyvinyl aleohol are com-
pletely dissolved by water, even below  the -boil-
ing point, within six minutes... .. . oo

The resistance to water of polyvinyl alcohol
fibers may also be tested in another way, involv-
ing the temperature at which they. lose: 10% of
their dry tenacity, or -tensile strength, upon
immersion in water for ten minutes. This.tem-
perature is called the 10% ‘tenacity, or-tensile,
loss temperature. For the fibers of this inven-

" tion it is in general above 95° €. In the great

majority of cases, the fibers of this invention

shrink less than 6% when immersed in water at:
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thirty seconds.
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100° C. for six minutes, and their 10% tenacity
Ioss temperature is at least 100° C. and usually at
least 102° C. This therefore represents a pre-
ferred embodiment of the invention. .

The above-mentioned objects are accomplished
by the process of the present invention wherein
vinyl: formate: is polymerized by bringing the
same:in contact with a polymerization catalyst
in a substantially anhydrous liquid system, pref-
erably containing an organic diluent miscible
with the monomer, the polymerization is inter-
rupted .(a) before the concentration of the poly-
mer in the polymerization mixture exceeds 60%
thereof, and .(b)..before the conversion of.mono-
mer to polymer exceeds 75%;, the vinyl formate
polymer so formed is hydrolyzed substantially
completely to polyvinyl alcohol, i. e., to poly-
vinyl alcohol of saponification number not ex-
ceeding 10, the polyvinyl alcohol: so formed is
spun from aqueous solution to form a filament,
the filament is oriented by stretching to-a length
at least three times as great as that of the spun
filament, -washed and dried and -the. dried,
oriented filament further oriented by stretching,
at a temperature between 200 and 240° C. to a
final length at least two and one-half times the
previous oriented length. - The thus oriented fila-
ment may, if desired; advantageously be relaxed
by heating the same at a-temperature between
210 and 255° C. but not more than 10° C. below
the temperature of the second orienting, under

tension controlled to prevent shrinkage of more

than 35%, and until the filaments shrink not
more than 10% when immersed for six minutes
in water at 100° C. but in any case for not over
While shrinkage is not neces-~
sary, it is preferred that the conditions of tension

be controlled to permit some shrinkage to take

place.  'This step in practice is effected by run-
ning the filament from a feed roll to take-up roll
and heating the filament between the rolls, with
the take-up roll rotating at a speed ranging from
the:same speed as that of the feed roll to a speed
359% slower than that of the feed roll. At the
first-mentioned speed ratio essentially no shrink-
age will take place, and at the second-mentioned
speed ratio shrinkage will take place up to 35%

of its lerigth. In all instances the filament will
‘e under some tension because of its inherent

tenidency to shrink (relax) when heated.. The

jtens_idn is greater when the rolls are at the same
‘peripheral speed ahd decreases as the peripheral

speed of the take-up roll decreases relative to that
of the feed roll. e
4 The principles underlying the . ethfaqrdinary
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resistance to water of the fibers obtained by the
present process are not clearly understood.
There are, however, some factors of apparent
special significance that may be noted in con-
nection with the following more particular refer-
ence to the foregoing steps. A polyvinyl ester of
particular quality, which is obtained by the first
step and which is a polyvinyl formate of high
linearity, i. e., characterized by a minimum of
chain branching, is apparently necessary. - This
is indicated by the fact that when a suitable
polyvinyl formate of this kind, i. e., a polyvinyl
formate having the characteristics just men-

tioned, is hydrolyzed, the ratio of its degree of -

polymerization to that of the resulting polyvinyl
alcohol is much lower than that observed with

vinyl formate polymerized without the special -
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precautions noted above, approaching unity in

the most favorable cases, and the ratio of ‘the

molecular weight approaches the theoretical
values of 1.64. Accordingly, the ratio of the in-
trinsic viscosity of the polyvinyl alcohol to that
of the polyvinyl formate is much higher than
usual for materials prepared according to con-
"~ ventional procedures. To -obfain a polyvinyl
formate that will yield a polyvinyl alcohol which
by the subsequent steps can be converted into the
water resistant fibers, it is necessary, as pointed
out in connection with the second step, that the

polymerization of ‘the vinyl formate be inter- :

rupted at the stated ‘polymer conversion ‘and
polymer concentration in the 'mixture. 1In
general, the polyvinyl formate thus obtained
will Have & relative viscosity ‘in chloroform at
25° C., within the range of 1.03 to0 1.18 at g con-=
centration of 0.1%.

In the second step, the polyvinvl formate is at
least 99 % hydrolyzed, i. e., hydrolyzed to the ex~
tent that the saponification number of the result-
ing water-soluble polyvinyl alcohol does not ex-
ceed 10. An ‘important factor is.the molecular
weight of the polyvinyl alcohol, which apparent-
1y should not be too high. To remove the un-
certainties attending molecular weight determi-
nations of high polymers, it is preferable to adopt
‘as a criterion the relative viscosity in a ‘suitable
solvent. It has been found that the polyvinyl gl-
cohols suitable for the production of water-re-
sistant fibers have -a~ relative viscosity in the
range-of 1.1 to 1.3 in 85% phenol at 25° C. and
0.1% concentration. - However, polyvinyl alcohol
of this viscosity range in not in itself sufficient
but must he coupled with ‘the previously men-
tioned requirement oif interrupting the poly-
‘merization of the vinyl- ester at theé sbecified

point because polyvinyl alcohol within the vis—

cosity range just ‘mentioned can be -prépared
from polyvinyl formate made at very high poly-
‘mer conversion, but this  polyvinyl alcohol: does
not yield water-resistant fibers when subjected to
the remaining steps ‘of the present process.

The invention is illustrated in further detail
by the following examples in which the parts:are
by weight. .

FErxample 1

In a three-necked flask fitted with 'a water-
cooled condenser, stirrer, and nitrogen inlet tube
were placed 550 parts of vinyl formate, Ny
1.3838, and 82.5 parts of isopropyl alecohol.  After
the apparatus had been flushed with nitrogen
and the mixture had been heated to reflux, 1,252
Dbaris - of alpha, alpha’-azobisisobutyronitrile
(0.1 mole per cent based on the vinyl formate)
was added. The polymerization “mixture was
maintained at the reflux temperature, 47-49° C.,
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for two and one-half hours, at the énd o6f which
time the polymerization was stopped by the ad-
dition of .a small quantity of m-dinitrobenzene.
After the further addition. of several hundred
parts of dioxane, the excess vinyl formate was
removed by distillation. The dioxane solution of
polymer was then poured into a large volume of
benzene to precipitate the polymer which was
then collected ‘and squeeezed dry. The polymer
was further ‘purified by solution in dioxane, re-
precipitation in benzene and milling at 120° C.
The hard, resinous ‘solid thus obtained weighed
175 parts (31.8%: conversion based on the vinyl
formate). A 0.1% solution of the polymer in
chloroform had a relative viscosity of 1.037.

A solution of 150 parts of the above polymer in

- a mixture of 3,000 parts of purified dioxane and

900 parts of methyl alcohol was heated to reflux
in a three-necked flask fitted with a stirrer, con~ -
denser and dropping funnel. To the refluxing
solution was-added dropwise-a mixture of 70 parts
by volume of:1.74 N sodium methoxide solution in
methanol and 70 parts of dioxane. Polyvinyl al-
ccohol began to precipitate almost immediately.
The: mixture was heated under reflux for two
hours, warmed below reflux'for 18 hours, and then
allowed to -cool. ‘The polyvinyl aleohol was col-
lected on a filter, ‘slurried in methanol, filtered,
again slurried in methanol, filtered and dried ag
80°. C.-for 18 hours, when it weighed 9§ parts.. A
0.1% solution of this-polyvinyl aleohol in 85%
phenol -had. a relative -viscosity of 1.143. The
product. had -a saponification number of 0.35.
The ratio ‘of the intrinsic viscosity ‘of the poly-
vinyl alcohol to that of the polyvinyl formate was
3.75. (Intrinsic viscosity has its usual meaning,
as ‘defined, for-example, in “Advances .in Collgid
Science,” vol. IT, page 209, or in U. S. Patent
2,130,948, 1.-e., it is the logaritim of the relative
viscosity divided by the:concentration in grams
per 100 'cc.)” This ‘high ratio. indicates high
linearity: in the polymer, : o .
- Molecular-weights of the polyvinyl formate and
its’ derived ‘polyvinyl alcohol were determined by

_ the osmotic method and found to. be 92,100 and

42,750, respectively. . These values give 'a ‘D! P.
(degree ‘of polymerization). ratio .of 1.28.

An agueous solution was prepared containing
16.8% of the above polyvinyl alcohol and 3.1%
of pyridine. This solution was spun through a
spinneret having 60 holes of 0.004” diameter
into & coagulating bath-at 26° C. congisting of a

" 45% aqueous solution-of monosodium phosphate
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confaining -0:02% -of ‘a surface-active and anti-
sticking -agent containing 20% of octadecyltri~
methylammonium bromide as the active.ingredi~
ent. ' After 60'inches of ‘bath-travel involving pas-
‘sage around two yarn driven -rollers, the yarn
was wound around -a ‘Godet wheel running at a
peripheral speed of 377" ‘per minute. From the
Godet wheel the yarh was passed through-air to
& ‘'windup bobbin running at'1385’" per minute,
‘thereby imparting -stretch -at- a draw ratio of
3.67/1. - This amount -of ‘stretch is desirable to
brevent sticking during-the subsequent washing
with water and drying. =~~~ '
The yarn was washed thoroughly on the bobbin
with cold water to remove the salt deposited on
it from the coagulating bath, air-dried-at room
temperature and ‘twisted 1.2 turns per inch.
Just prior to heat stretching, the yarn was dried
by running :it over ‘a ‘hot surface ‘at 100=125° C.
The yarn was then oriented by stretching it in

. alr'through a %"’ tube 32"’ long heated to 220°C.
5

by "meansr'of 2 jacket containing ‘the vapors of
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a boiling liquid heat-transfer agent, which in

this case. was an eutectic mixture of diphenyl

and diphenyl ether. . The input speed was 50 feet
per minute and the draw ratio was 3.8/1:

The yarn so obtained was ‘resistant to boiling
water. and it had a 109% tenacity loss tempera-
ture of 103° C. It was further improved by sub-
jecting it to a heat-relaxing step in which the
yarn was run through the same tube maintained
at.a temperature.of 235° .C. at an input- speed
of 75 feet per minute, shrinking to the extent
of 11% being permitted and controlled by run-
ning the take-up roll at a 11% slower peripheral
speed than the feed roll. It then shrank only
49, when immersed ‘in water at 100° C., and it
had-a 10% tenacity loss temperature of slightly
over110° C. Its dry tenacity was 8.5 g./d. at
109 elongation and its wet tenacity was 7.6.g./d.
at 11% elongation. .0 . . : L

_For purpose of comparison, a medium viscosity,
highly saponified polyvinyl alcohol from standard
commercial production was. spun from a 14%
aqueous solution as deseribed in Example I, given
2 preliminary cold stretch at.a draw ratio of
3.4/1, washed, dried, hot. drawn 2.8/1 at 220° C.
and relaxed 20% at 220°-C. The resulting yarn,
which had a dry tenacity of 7.2.g./d. with 17%
elongation, dissolved completely in water at 91° C.
within six minutes. It should be observed, in
connection “with the above experiments, that
yarns made from polyvinyl alcohol of high line-
arity, as described herein, can be drawn to ap-
preciably “higher draw ratios than . yarns made
from the usual types of polyvinyl alcohol.

Example 11

A mixture of 550 parts of vinyl formate, 82.5
parts of isopropyl alcohol and. 1.252 parts of
alpha.;alpha’—azobisisobutyronitrile was . heated
at 48-49° C. for four hours. During this time
ihe reaction mixture became exceedingly viscous.
The polymer was isolated and purified as de-
scribed in Example L. It weighed 340 parts (62%
conversion based on the vinyl formate) and had
2 relative viscosity of 1.030 in c¢hloroform at 0.1%
concentration. o
A solution of 160 parts of the polyvinyl formate
- in 1500 parts of dioxane and 400 parts of meth-
anol was added slowly to a refluxing mixture
of 1500 parts of dioxane, 400 parts of methanol
and 70 parts by volume of 1.74 N sodium meth-
oxide solution in methanol, and the mixture was
stirred under reflux for 16 hours. After filtering,
washing with methanol and drying at 70° C., the
“resulting polyvinyl alcohol (88 parts) had a rela-
tive viscosity in 85% phenol at 0.1% concentra-
tion of 1.119; and a saponification number of 4.2.
The ratio of the intrinsic viscosity of the poly-
vinyl alcohol to that of the polyvinyl formate was
3.44. : :
. “An aqueous solution was prepared containing
16.5% of the above polyvinyl alcohol, 3% of
pyridine and 0.14% of a long-chain dispersible
phosphate ester. This solution, which had a vis-
cosity of about 40 poises was wet spun as de-
seribed in Example I except that the Godet wheel
and wind-up speeds were 313 and 1164 inches per
minute, respectively. The yarn was washed and
dried. as in-Example I. The yarn was drawn
at-235° C. to a:ratio of 4.4/1 by the method de-
scribed’ in ‘Example I. The yarn so obtained
‘shrank ‘only. 3% in boiling water, and it-had a
109% tenacity loss temperature of 102° C. These
properties were. improved by subjecting the yarn
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6
to a heat-relaxing step whereby it was permitted
to shrink 6.5% at 235°. C. - After this treatment,
the yarn shrank only 2% in water at100° C. and
it had a 10% tenacity loss temperature of 108% C.
Its dry tenacity was 7.9 g./d. at 6% elongation...

Ezxample 111 s

A mixture of 550 parts of vinyl formate, 275
parts ‘of methanol and 1.74 parts of- alpha,
alpha’ - azobis(alpha,gamma - dimethylvaleroni-
trile) ‘was heated under reflux at 45-50° C.-for
1% hours. - The polymerization was interrupted
by addition of a little m-dinitrobenzene and the
methanol and excess monomer were removed by
distillation. The residual polymer was purified
by twice dissolving it in dioxane and reprecip-
itating in benzene, followed by milling at 140°
C. There was obtained 152 parts (27.5% con-
version) of polyvinyl formate having a relative
viscosity in chloroform at 0.1% concentration of
1.038 and a number-average: molecular..weight
of 144,500 by the osmotic pressure method.. T

The above polyvinyl formate (140 parts) was
converted to polyvinyl alcohol by alkaline meth-
anolysis in a refluxing mixture of 3000 ‘parts of
dioxane and 800 parts of methanol to which was
added 80 parts.of a.l.7 N solution of :sodium
methoxide - in. methanol. After 18 . hours’ re-
fluxing the mixture was neutralized with acetic
acid and filtered. The .polyvinyl alcohol ‘was
slurried several times with methanol, -filtered
and dried at 65° C. It had a relative viscosity
in 0.1% solution in 85% phenol of 1.170 .and-a
number average molecular weight of 42,350.
The ratio of the infrinsic viscosity of the poly-
vinyl alcohol to that of the polyvinyl formate
was 4.25. 'The D, P. ratio was2.09. i

An agueous solution was prepared ‘containing
14.3% of the above polyvinyl alcohol, 0.14% of &
jong chain, dispersible phosphate ester- and
about 3.4% of pyridine. This solution was spun
as in Example I except that the Godet wheel
and wind up speeds. were 266 and ‘968 inches
per minute, respectively, providing a draw ratio
of 3.6:1. The yarn was washed and dried as
in Example I, then heat-stretched at 225° C.
as in Example I, with a draw ratio of 4:1. "The
yarn after this treatment was insoluble in boil-
ing water and its dry tenacity was 10.4 g./d:
at 4.1% elongation. It was then relaxed 10%
at 225° C. by the procedure of Example L. - Affer
the heat-relaxing step the yarn shrank only 4%
in boiling water. Its 10% tenacity loss.tem-
perature was 96° C. Its dry tenacity was 6.4
g./d. at 7.5% elongation. . s :

. The polymerization catalysts used in' the first
step for. polymerizing the monomeric vinyl
formate are preferably the free radical-produc-
ing catalysts or initiators. Among such agents
may be mentioned the peroxy catalyst such as
the acryl peroxides, e. 8., lbenzoyl peroxide,
acetyl peroxide, lauroyl peroxide, etc. -and the
alkyl peroxides such as diethyl peroxide or t-
butyl hydroperoxide, Other suitable agents are
photo-activators like benzoin or diacetyl in
conjunction with ultra-violet light. A partic-
ularly useful class of free radical-producing cat-
alysts are the azo compounds disclosed in Hunt
U. 8. Patent 2,471,959, i. e., the compounds hav-
ing an acyclic azo group, —N=N—, bonded to
different carbons which are non-aromatic in
character and of which at least one is teritary,
and in which the tertiary carbon has attached
to it through carbon a radical in-which the.three
remaining valences of the latter carbon are sat-
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Isfied by at least one element of ‘atomic number
7.or ‘8 (oxygen :and/or nitrogen). By.far, the
most useful -class of ‘catalysts, because of ‘their
outstanding ‘activity :at low -temperatures, are
the 'symmetrical ‘azonitriles disclosed in U. S.
Patent 2,471,959 already referred to and in ap-
Dlication Serial Number 2,552, filed by J. A.
Robertson on January 15, 1948. This class of
azonitrile catalysts comprises the organic com-
pounds having -an acyclic azo group, —N=N—,
bonded to two different -carbons which are non-
aromatic, i. e., aliphatic or cycloaliphatic, each
of said carbons being tertiary, i. e, attached to
three other carbons by single valences, and hay-
ing a cyano group, —CN, attached thereto.
These compounds thus have the general.formula

Rl\ . ./_Rs
)
R:ON ONTR,

wherein the R's are monovalent organic radi-
cals, or two of the R’s attached to the same car-
bon form. together a:five-or six-membered :ali-
cyclic ring.: Preferably, the R’s are hydrocar-
bon radicals.or hydroearbon radieals submitted
with -alkoxy groups of cne tofour caibons. The
most effective of these symmetrical azonitrile
catalysts - are ‘those in which the radicals at-
‘tached to the azo :nitrogens have from.4 to 11
carbon ‘atoms.
‘the "examples, suitable catalysts for use in this
process include - alpha,alpha” - azobis(alpha-
methylbutyronitrile), alpha,alpha’-azobis(alpha~
phenylpropionitrile) ; alpha;alpha’-azobis( alpha-
cyclohexylpropionitrile), . dlpha,alpha’ - azobis
(alpha -~ isopropylbeta - methylbutyronitrile),
alpha,alpha’-azobis(aipha - isopiopylbeta-meth-
ylbutyronitrile), alpha,alpha’ - azobis(alpha,
gamma - dimethyleapronitrile); alpha,alpha’-
azobis(alpha - iscbutyl - gamma - methylvaler-
onitrile), : alpha,alpha’-azobis(alpha,gamma-di=
methyl - gamma - methoxyvaleronitrile), 1,17-
azodicyclohexane - carbonitrile, . -1,1’=azobis(3=
methyleyclopentanecarbonitrile), 1,1’ - ‘azodi-
camphanecarbonitrile, alpha,alpha’ - azobis(al-
pha,gamma - dimethyl - gamma-biitoxyvaleroni-
trile), etc. ) S

- 'The azonitriles may be prepared by ‘the meth-
ods ‘deseribed by 'Thiele and Heuser, "Ann. 290,

1 (1896); Hartman, Ree. trav. chim. 46, 150 &

(1827); Chem. Weekblad, 23, 77 (1928); and
Dox, J. Amer.-Chem. Soc. 47, 1471 (1925); or by
the method described in U, S. Patent 2,469,358.

The -amount of catalyst, based on the weight

of the vinyl formate, may ‘be as low as 0,001 %

In addition to those shown in :

<
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under . the Yeaction .conditions, and essentially
chemically. inert toward.the vinyl formate and
the catalyst. The polymerization-system should
be substantially anhydrous. since vinyl formate
hydrolyzes rapidly in the présence of water, i.’e.,
it-should not’ contain more than: at most 1%. of
water, based on the weight of the vinyl formate.

- There .may bs used alcohols such ‘ag ethanol,
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or-as high as 3% or.even:more.: A. generally pre-

ferred range is between 0.059% and 1%.
Polymerization may be carried. oub ‘without
added diluent, in which case the unchanged mon-
omer acts as diluent and partial solvent :for the
polymer. However, the course of the polymeriza-
tion israther difficult to control under such eon-
ditions. - It ismuch preferable in practice to earry
out the polymerization in the presence -of -an
added organic liquid miscible with the -monomer,
It is not necessary that the added diluent be sn
active solvent for the polymer ‘and, .in fact, thig
is ordinarily not the case since ‘polyvinyl formste
has but limited solubility in most organic sol-

vents. . In most cases, therefore, at least part of

the polymer separates from: the liguid phase as g
viscous mass highly swollen with monomer “and
diluent. The choice of & diluent is.not very ciit-
ical since it is only necessary that it e a -lquid
miscible with ' the monomer, inpolymerizable

60
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isopropyl alcohal -or butanol; ether-alcohols such
as methoxyethanol; ketones such as acetone ;) es=
ters such as methyl acetate, ‘ethyl acetate or
butyl acetate; heterocyclics sueh as tetrahydro-
furan, -etc.. The preferred diluents-are the al-
kanols of 1 to 4 carbon atoms and particularly
the secondary alkanols of 1 to 4 carbon atoms,
such.@s isepropyl alcchol and . secondary butyl
alechol, since these. diluents lead to ‘polyvinyl
formate within the optimum range of molecular
weights. Mixed solvents may alsé be used.’

The diluent may be used in amount as Jow ag
5%, based ‘on the weight of the ‘onomer, -and
as ‘high-as 300% or even more. With- diluents
which:zet as molecular ‘weight rvegulators, such
as the preferred low alkanols, it is only hecessary
to use’small ' amounts, &.:g., bétween 5 %.and 209%
by weight :of -the fonomer, although more can
beused if desired. S S ‘

-The. polymerization temperature is desirably
kept relatively low, e. g. below 100°C.; and prefer-
ably below 80° C. With active catalysts like the
azonitriles, it is possible to polymerize vinyl for-
mate at temperatures as low as 0° C. ‘or. even
less. The preferred-range of polymerization tem-
perature with these catalysts is between 95° and
50° C.. With peroxide-type catalysts, the pre-
ferred range of polymerization temperature is be-
tween 50 and 89° C. )

The polymerization should be interrupted ‘be-
fore gelation (solidification, or setting of the poly-
mer mixture) oceurs, 1. 'e., before the polymeriza-
tion mixture ceases to be fluid and stirrable. This
is to prevent undesirable chain ‘branching and
production of polymers from which water-resis-
tant fibers cannot be obtained. It will be under=
stood that it is not possible to specify accurately
for all polymers the exact point ‘at which poly-
merization should be.arrested. As a genéral rule,
however, it has been observed that this should be
before ‘the conceritration of the polyier in the
total polymeérizing mixture exceeds about- 60%.
It is often desirable to keep the polymer concen-
tration Leélow about 45% in order to achieve the
best results. While the polymerization -can be
in;tar_ruptedat—any desired point before the upper
limit of polymer concentration is reached, ‘it is
of-ceurse uneconomical to do .so teo early. Thus,
in-general, vthe:palym’er«concentration will be at
least 1% and preferably -at least 10%. It may
be noted that while polymer vield; i. e., the per-
centage of monomer converted to polymer, could
be - used as a test of the desired extent. of poly-
merization, it is not entirely satisfactory to use
it -as the sole-eriterion, for the reason that the
possibility of -gelation or getting of -the polymer
mixture is-affected -also -by the moleculdr weight
of:the polymer-and the concentration of the mix-
ture. Thus, although it-is in general found that
the polymer yield dees nét exceed about 65%,in
some :cases it :is: possible to have-conversions of
15%..or "even. higher without reaching the. point
of :;gelation. The polyinerization:may be stopped
by any conventional procediire suéh as:by adding
one:6f the known polymerization inhibitors such
as me=dinitrobenzene, thiourea, etc.. Urifeacted
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vinyl formate can of course be recovered and tsed
again.:

“The hydrolys1s of the polyvmyl formate fo poly-
v1ny1 alcohol is preférably ‘carried out either by
aleoholysis, i. e., ester 1nterchange or by treat-
ment with’ water containing - an acidic -catalyst.
The aleoholysis may be carried out with any de-
sired alcohol but it is preferable to use an alkanpl
of 1°to 4 carbon atoms, e. g., methanol, ethanol,
propanol, isopropanol, n-butanol or the isomeric
butanols, or an ether-alcohol such as methoxy-
ethanol, which gives very good results. - The pre-
ferred alcohol is methanol. The catalyst is pref-
erably an'alkali-metal alkoxide, which for con-
. venience is preferably the alkoxide of the alco-
hol used in the alcoholysis process, and it is suit-
ably used in amounts between 0.05 and 5%, based
on-the’ welght ‘of the polyvinyl ester.

" Theé alcoholysis proceeds ‘at any temperature
but, for a practical reaction rate, a temperature
above about 20° C. is desirable, the preferred
range being hetween 50 and 120° C. ‘The con-
version is quantitafive. The product separates
from its alcohol solution as’ the hydrolysis.pro-

ceeds and it can be washed with suitable non- ¢

solvents such as alcohols to remove the catalyst
which may be present The products contain in
general not more than at most 1% of non-
hydrolyzed formate groups, and usually less.
'This is evidenced by the fact that their saponi-
Heation number does not exceed 10. Under the
econditions descr1bed the polyvinyl -alecohols will
have relatlvely low molecular weights, as judged
from their viscosity in solution. The polyvinyl

alcohols giving water-resistant fibers have a rela- 3

tive viscosity in 85% phenol at 25° C. and 0.1%
concentration not exceeding 1.3. - Preferably the
relatlve v1s0051ty is in the range between 1.1 and
1.3.

I—Iydroly51s in aqueous medla is preferably car-
ried out with sulfurlc acid as the catalyst, al-
though other strong ‘acids of dissociation con-
stans above 1%10-2, e. g. phosphoric ‘acid, may
be used: The hydrolysis temperature is. prefer-
ably between 75 and 100° C., and it is desirable
to use a wetting agent, preferably a sulfonate or
sulfaté-type wetting agent. - This method has the
great techmcal advantages that, after completion
of ‘the 'hydrolysis and steam—strlppmg of the
formic acid liberated followed by neutralization
with an ‘alkali metal hydroxide, the ‘polyvinyl
alcohol ‘solution may be spun d1rect1y without
isolating the polymer

The polyvinyl ‘alcohol is spun from aqueous'

solutlons either by the ‘dry spinning or the wet
spinning process.  While dry spinning has certain
advantages, such as permitting a high rate of
extrusion; it involves certain complications not
present in ‘wet spinning, wh1ch is therefore pre-
ferred. Wet spinhing of the polyvinyl alcohol
is cafried out from aqueous solutions in which the
solvent -may be water alone but is preferably
water containing a. stabilizing agent, i.-e., an
agent which prevents or decreases the forma-
tion - of :gel particles on standing. - There may
be.used,. for instance, between 0.05 and 0.5% of
a phosphate ester asshown in Examples IT and
III, or larger amounts, e. g. about 5% t0-15% of a
water-soluble -amine such as pyridine or water-
soluble aliphatic alechol such as ethanol. “Wet-
ting and softening agents may also be included.

Preferably, the. solvent should comprise at least

80% water. The concentration of the polyvinyl
alcohol in the spinning solution depends to some
extent on its molecular weight. It can be ashigh
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as desired, provided the solution is fluid enough
to-handle. ~Concentrations between 5 and 30%
are usually employed, an-optimum range being
10-20%. The spinning solution may be used at
any temperature between about 10° C. and its
boiling point, i. e.; about 100° C., or higher if ary
spinning is used. )

The coagulating bath is an aqueous solution
of one or more inorganic alkali metal salts such
4s sodium squate, disodium hydrogen phosphate,
zine sulfate, potassium sulfate, ammonium chlo-
ride, ammonium sulfate, etc. Particularly de-
sitable in view of its better coagulating proper-
ties is a bath consisting of monosodium dihydro- .
gen phosphate  (NaH:POy). The salt bath
should have a high concentration in order to
remove water rapidly from the agueous polyvinyl
alcohol solution. Preferably the salt concentra-
tion is just below the saturation point. Cationic
surface-active agents such as cetyipyridinium
bromide or cetyltrimethylammonium bromide in

' amounts of from 0,005 to 0.05% based on the
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weight of the bath are advantageous in that they
promote better spinneret. performance and de-
crease sticking or breaking of filaments. The
bath is maintained at any desired temperature
between about 5 and about 100° C., preferably
between 20 and 80° C

The coagulated ﬁlaments contain salt from the
coagulating bath, which salt must be removed
before further processing. The filaments may
be washed with a water-organiec solvent mixture
such as'a 1:1 mixture of water and acetone, as
described in U. S. Patent 2,388,325. A more

. economical method is that described in U. 8.

Patent 2,474,617. This: method, which.is that
used in the examples above, cousists in stretch-
ing the wet spun yarns while still wet with co-
agulating bath, holding the filaments at a fixed
length. at least twice their original length and
washing them in cold water while so held.
Stretching the wet yarn is done either in the
bath itself or in air by means of appropriate de-
vices such as a Godet wheel and wind-up wheel
or & pair of draw rolls. The result of the stretch-
ing is to impart to the yarn sufficient orientation
to decrease its sensitivity to water to the point
where the yarn shows little or no sticking during
washing and drying. In practice, the yarn ‘should
be stretched at least 200% of its initial length,
i. e.; at a draw ratio of 3/1. - The draw ratio can
be as high as desired up to the point where ex-
cessive filament breaking occurs, which is at a
draw ratio of about 4/1. Washing and drying
are carried out at fixed filament length, which is

"meost conveniently achieved while the yarn is

on a bobbin. The yarn is washed with water
preferably at a temperature not above 25° C.
until- the salts are substantially completely re-
moved: as judged by “the pH of the effluent,: ash
determination or other methods. Presence of
residugl salt on-the yarn is détrimental to sub-
sequent operations such as twisting, drawmg, ete.

Before the hot drawing step, the yarn should

_be relatively dry, that is, in equilibrium with air

with a relative humidity ‘of less than 60% at
25°.C: - The yarn may be dried by a variety of
means, e.'g. in an oven at about 60° C., or over
a -moisture-absorbing material at ordinary tem-.
perature ' arid reduced pressure, or by passing
over a hét rod or through a hot zone, e. g. a
tube at 125° C. Since the dried yarn absorbs
moisture: rapidly, it should be protected from
humidity if it is not to be used shortly after
drying. Before hot drawing, the yarn is pref--
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erably pretwisted about. 1 to 2 turns per inch.
This operation is by no means essential but it
appears to be beneficial in the subsequent. draw-
ing. : i
The het drawing is carried out most- econom-
ically in air bu$, if desired, in some inert atmos-
phere such as nitrogen. Any suitable means of
uniform heating may be employed, the pre-
ferred one being a tube, jacketed with a heat-
transfer agent or electrically heated, through
which the yarn is run. Temperatures.are meas-
ured by meauns of a thermocouple inserted in the
tube. The length of the tube depends on the
rate of drawing. In general,-a contact time.of
" L to 4 seconds gives the best results, and draw-
ing tensions between 1 and 2 g./d. indicate a
proper combination of speed and. temperature.
The drawing temperature, i. e., the temperature
of the zone through which the yarn is passed
during strefehing, is maintained in a range be-
tween 200° C. and 240°. C. 'The optimum tem-
perature is readily determined from the experi-~
mental limitations that toco high a temperature
causes sticking of the filaments while too low
a temperature causes excessive tension resilt-
ing in broken filaments. The best results are
obtained in general by stretching at a. tempera-
ture hetween 220 and 235 C. and at the maxi-
mum possible tension short of the point ‘where
excessive filament breaking occurs.
is best carried out by means of a pair of rollers
revolving at different peripheral speeds. The
draw ratio is desirably at least 2.5/1 and prefer-
ably at least 3/1, the maximum permissible be-

ing in general 4.5/1 for wet-spun fibers but up :

t0 108/1 for dry spun fibers. )
Polyvinyl alcohol yarns derived from poly-
vinyl formate according to the method described
herein are resistant to boiling water after the
thermal stretching step, and do. not require. any
additional treatment.  However, their water in-
solubility, resistance to shrinkage and tenacity
loss temperature can be further improved by
an additional heat-relaxing step. - Relaxation of
the filament or yarn may be compared to' the
familiar annealing process. It is believed that
it releases strains in the filament and induces
a higher degree of crystallinity. The relaxing
procedure consists in heating ‘the filament un-
der controlled tension at a temperature which
is preferably the same as or somewhat higher
than the stretching temperature. The relax-
ing temperature, however, can be-as much as
10° C. lower than the strefching temperature.
The-tension on the filament is such that it pro-

duees no additional drawing and preferably per- ;

mits shrinking up to & maximum of about 35 %,
i. e, up fo the point where the filament can
shrink to 65% of its drawn length. Preferably,
the filament or yarn is allowed to shrink between
5% and 25% of its initial length. This is best
carried oub by running the yarn or filament
again through the drawing cell ‘used in the
stretching step, or a similar device. capable. of
being heated, with the take-up roll at the same
or lower peripheral speed than the feed" roll.
The relative peripheral speeds of the rolls. are
adjusted so that either no shrinking takes place,
or preferably, shrinking up to 35% of the ini-
tial length. It is only with yarn from' polymers
having the highest degree: of linearity that this
step can be ecarried out with no shrinkage and
still give a watber resistant’ yarn. ‘The relaxing
temperature should he within the range of 210 to
255° C., the most generally useful range. being
225-245° €. Within these- limits, the relaxing

Stretching .
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temperature may; in certain. cases,. be- as much
as.10° C. below the stretching temperature, but

Dbreferably it is'the same or a few degrees-higher.

The time during which. the. yarn will be in the
heated zone can. range from about cne second
up to the time, usually: not more tham 30 sec-
onds, at which damage to the filament, e. g. dis-
coloration and sticking, would result upon con-
tinued heating. - A generally suitable heating
time is 2 to 5 seconds.

The yarns obtained by the process of this in-
vention. are insoluble in water at 100° C.. Their
tenacity usually runs from:6 to. 8 g./d. with 15
to 20% elongation. The melting point (for a
highly erystalline material this term is substan-
tially synenymous with:softening point: or stick-
ing - point). of the finished vpolymer shows- ne
appreciable change from that of. the original
polymer, i. e., it is 212+5° C.  The polyvinyl al-
cohol filaments. contain at least. 99% vinyl al-
cohol units; any remainder being vinyl formate
units.

The: polyvinyl aleohol yarns obtained accord-
ing to-'this process may be used for any textile
application such as knitting, weaving; ete. More
specifically,, the yarns may be used in shirting,
sheetings, awnings, canvas, woven hose, in. the
reinforeing of ‘rubber goods such as tires and
tubes, in women’s apparel, industrial fabries,
ete..

The foregoing detailed deseription has been
given for clearness. of understanding only and
no unnecessary limitations are to be understood
therefrom. The invention is not limited to the
exact details shown and described for obvious
modifications will occur: to those skilled in the
art. B

What is.claimed is: p

1. A process for the preparation of improved
pelyvinyl alcohol fibers which comprises poly-
merizing vinyl formate in a lquid diluent miscible
with vinyl formate monomer, interrupting the
polymerization (a) before the coneentration of
the polymer in the polymerization mixturé ex-
ceeds 60% of the weight of the total mixture and
(b) before the.conversion of monomer to .poly~-
mer exceeds 75%,. hydrolyzing the polymer. to
polyvinyl. alcohol of saponification number not
exeeeding 10, spinning an aqueous solution of the
polyvinyl alcohol to form a filament,. orienting
said filament. to. a- dry oriented lemgth at least
three - times as long.as that of the spun. filament,
and drying, and further orienting the dry fila-
ment by stretehing the same at.a temperature be-
tween 200. and 240° C. to a final length at. least
two and one-half times the. length after the-first
arientation.: : : ,

2. A process for the preparation of improved
polyvinyl alcchol fibers whieh comprises poly~
merizing. vinyl formate in contaet withh a poly-
merization catalyst, interrupting the: polymeriza-
tion. (@) before the concentration of the polymer
in the polymerization mixture exceeds 60% of the
weight of the total mixture and (b))’ before the.
conversion of meoncmer to polymer exceeds 75 %,
hydrelyzing the polymer to. polyvinyl alcohol of
saponification number: not exceeding 10, spinning
an aqueous; solution. of the polyvinyl aleohol. to

. Torm a flament, orienting said filament to a-dry

=¥
<

-~
ot

- oriented. length at least three times as long as

that of the spun filament, and drying, and further
orienting the dry filament by stretching the same
at a tempersture between 200 and 240° C. to &
final length at least two and ene-half times the

. length afterthe first.orientation:
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3. A‘process for the preparation of improved -

polyvinyl alcohol fibers which comprises poly~
merizing vinyl formate in a liquid diluent miscible
with vinyl formate monomer, interrupting the
polymerization (a) before the concentration. of
the polymer in the polymerization mixture. ex-
ceeds 609% of the weight of the total mixture and
(b) before the conversion of monomer to. poly-
mer exceeds 75%; hydrolyzing the polymer to
polyvinyl aleohol of saponification number not
exceeding 10, spinning an aqueous solution of the
polyvinyl aleohol to form a filament, orienting
“said filament to & dry oriented length at least
three times as long as that of the spun filament,
and drying, further orienting the dry filament by
stretching the same at a temperature between
900 and 240° C. to a final length at least two and
one-half times the length after the first orienta-
. tion, and relaxing said further oriented fiber by
heating the same at a temperature between- 210
and 955° C. but not more than 10° C. below the
temperature at which it was further oriented and
under tension controlled to prevent shrinkage of
more than 35% -of said further oriented length
and until the filament shrinks less than 10% of
its length when immersed. for six minufes in
water at 100° C.

4, A process for the preparation of improved
polyvinyl alecohol fibers which comprises poly-
merizing vinyl formate in g liquid diluent miscible
with vinyl formate monomer, interrupting the
polymerization (a) before the concentration of
the polymer in the polymerization mixture ex-
ceeds 60% of the weight of the total mixture and
(b) before the conversion of monomer to polymer
exceeds '15%, hydrolyzing the polymer fo poly-
vinyl alcohol of saponification number not ex-

&
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ceeding 10, spinning an aqueous solution of the

polyvinyl alcohol into an aqueous salb solution
coagulating bath to form a filament, orienting
said filament to a dry oriented length at least
three times as long as that of the spun filament,
washing said filament to remove coagulating bath
salts, drying said filament and further orienting
the dry filament by stretching the same at a tem-
perature between 200 and 240° C. to a final length
at least two and one-half times the length after
the first orientation.

5. A process for the preparation of improved

polyvinyl alcohol fibers which comprises poly-
merizing vinyl formate in contact with a poly-
merization eatalyst, interrupting the polymeriza-
tion (@) before the concentration of the polymer
in the polymerization mixture exceeds 60% of
the weight of the total mixture and (b) hefore
the conversion of monomer to polymer exceeds
75%, hydrolyzing the polymer to polyvinyl al-
cohol of saponification number not exceeding 10,
spinning an aqueous solution of the polyvinyl
alcohol into an aqueous salt solution coagulating
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"bath to form a filament, oriénting said filament

to a-dry oriented length at least three times as
long as-that of the spun filament, washing said
filament to remove coagulating bath salts, drying
said filament and further orienting the dry fila-

‘ment by stretching the same at a temperature

between 200 and 240° C. to a final length at least
two and one-half times the length after the first
orientation. i

6. A process for the preparation of improved
polyvinyl alechol fibers which comprises poly- .
merizing vinyl formate in a liquid diluent miscible
with vinyl formate monomer, interrupting- the
polymerization () before the concentration of
the polymer in the polymerization mixture ex-
ceeds 60% of the weight of the total mixture and -
(b) before the conversion of monomer to polymer

exceeds 76%, hydrolyzing the polymer to poly- -~

vinyl aleohol cf sapcnification number not ex-
ceeding 10, spinning an aqueous solution of the
polyvinyl alcohol into an aqueous salt solution
coagilating bath to form a filament, orienting
said filament to a dry oriented length at least -
three times as long as that of the spun filament,
washing said filament to remove coagulating bath
salts, drying said filament and further orienting
the dry filament by stretching the same at a tem-
perature between 200 and 240° C. to a final length
at least two and one-half times the length after

“the first orientation, and relaxing said further

oriented fiber by heating the same at a temper-
ature between 216 and 255° C. but not more than
10° C. below the temperature at which it was fur-
ther oriented and under tension controlled to
prevent shrinkage of more than 35% of said fur-
ther oriented length and until the filament
shrinks less than 109% of its length when im--
mersed for six minutes in water at 100° C.
WILLIAM R. HATCHARD:
JULIAN W. HILL.
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