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Description
BACKGROUND OF THE INVENTION

The present invention relates to water-soluble fiber
and a method for manufacture thereof.

Among the water-soluble fibers heretofore known
is polyvinyl alcohol fiber which is generally fabricated
into a twisted yarn, woven fabric or non-woven fabric
and putto use in adiversity of applications. For example,
it has been used for provisional reinforcing or adhesion
in a variety of industrial processes.

However, polyvinyl alcohol fiber is not readily solu-
ble in water and requires heating to at least about 80°C
for dissolution, thus being poor in workability. Moreover,
when exposed to a temperature over 100°C, it under-
goes crosslinking so that dissolution is often made dif-
ficult.

SUMMARY OF THE INVENTION

The object of the present invention is to provide a
water-soluble fiber which is tough and readily soluble in
water at ambient temperature and does not suffer losses
in water solubility on exposure to heat and a method for
manufacturing the fiber.

The present invention is directed to a water-soluble
fiber composed of a high molecular compound with a
weight average molecular weight of not less than
10,000, which high molecular compound is obtainable
by reacting a polyalkylene oxide compound, which is ob-
tainable by addition polymerization of an ethylene oxide-
containing alkylene oxide and an organic compound
containing two active hydrogen atoms, with a polycar-
boxylic acid, an anhydride thereof, or a lower alkyl ester
thereof, or a diisocyanate compound.

The manufacture of said water-soluble fiber com-
prises spinning said high molecular compound.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The polyalkylene oxide compound as a major start-
ing material for the high molecular compound of the
present invention is preferably a compound having a
weight average molecular weight of not less than 100
and can be prepared by addition polymerization of an
ethylene oxide-containing alkylene oxide and an organ-
ic compound containing two active hydrogen atoms.

The organic compound containing two active hydro-
gen atoms includes, inter alia, ethylene glycol, propyl-
ene glycol, polyethylene glycol, polypropylene glycol,
polytetramethylene glycol, 1,6-hexanediol, bisphenol A,
aniline and so on.

The ethylene oxide-containing alkylene oxide in-
cludes, inter alia, ethylene oxide and mixtures of ethyl-
ene oxide with propylene oxide, butylene oxide, styrene
oxide, a-olefin oxides, glycidyl ethers and so on.
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The addition reaction of such an alkylene oxide can
be carried out in the known manner, and the mode of
addition polymerization of ethylene oxide and other
alkylene oxides may be optionally random or block.

The polycarboxylic acid, anhydride thereof, or lower
alkyl ester thereof, which is reacted with said poly-
alkylene oxide compound, include, inter alia, phthalic
acid, isophthalic acid, terephthalic acid, sebacic acid,
dimer acid, pyromellitic acid, etc., anhydrides thereof,
and methyl esters, dimethyl esters, diethyl esters, etc.
thereof. The preferred are dimethyl terephthalate, dime-
thyl phthalate, dimethyl isophthalate, dimethyl seba-
cate, pyromellitic anhydride and so on.

The polyester-forming reaction between said poly-
alkylene oxide compound and said polycarboxylic acid,
anhydride thereof or lower alkyl ester thereof is prefer-
ably conducted at 120-250°C and 102 - 103 Pa.

The diisocyanate to be reacted with said poly-
alkylene oxide compound includes, inter alia, tolylene
diisocyanate, diphenylmethane diisocyanate, hexame-
thylene diisocyanate, isophorone diisocyanate, xylylene
diisocyanate, 4,4'-methylene-bis-(cyclohexyl isocy-
anate) and so on.

The urethane-forming reaction between said poly-
alkylene oxide compound and said diisocyanate is con-
ducted by mixing the starting compounds in an NCO/OH
ratio of, for example, 1.5 through 0.5 and heating the
mixture at 80 to 150°C for 1 to 5 hours.

The weight average molecular weight of the high
molecular compound according to the present invention
is not less than 10,000. If the molecular weight is less
than 10,000, the fiber will not be sufficiently high in me-
chanical strength, giving rise to yarn breakage in the
spinning process.

This high molecular compound can be processed
into fiber by any known relevant technique such as melt-
spinning, dry spinning, wet-spinning, etc., although the
melt-spinning process is preferred if only from economic
points of view.

In the melt-spinning process, the high molecular
compound is melted at 50-200°C in a nitrogen gas at-
mosphere and extruded from the conventional spinning
nozzle.

In this process, such additives as a plasticizer, lu-
bricant, stabilizer, colorant, filler, etc. can be added. Ac-
cording to the intended application, a perfume, fungi-
cide, agrochemical, fertilizer, etc. can also be incorpo-
rated.

The water-soluble fiber as spun has large elonga-
tion. For example, the elongation of a fiber with a diam-
eter of 10 um to 5 mm is approximately 500 to 3,000
percent.

After spinning, the fiber may be treated with a sizing
or bundling agent in the hydrocarbon series or
stretched. When it is stretched in a draw ratio of 5 to 30,
its tensile strength is remarkably increased. The stretch-
ing may be performed concurrently with spinning.

The fiber thus obtained is subjected to various
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processings such as twisting and cutting. The fiber can
also be constructed into mixed fabrics with other fibers.

The water-soluble fiber according to the present in-
vention is not only high in elongation and tensile strength
but is readily soluble in water. Moreover, this water sol-
ubility is not appreciably affected by heating. Therefore,
as processed into a thread or yarn or a web, the fiber
remains tough and self-supporting in application and,
yet, can be completely dissolved out swiftly as needed.
In this and other ways, this material can contribute to
rationalization of various industrial processes.

The following examples and comparative examples
are further illustrative of the invention, it being to be un-
derstood, however, that the invention is by no means
limited thereof but limited only by the claims appended
hereto.

Example 1

One hundred parts (parts by weight; the same ap-
plies hereinafter) of polyethylene glycol (weight average
molecular weight 10,000) and 2.2 parts of dimethyl
terephthalate were used to give a polyester compound
with a weight average molecular weight of 130,000
(hereinafter referred to as high molecular compound A).

This high molecular compound A was fed to a melt-
spinning apparatus, where it was melted at 120°C in a
nitrogen gas atmosphere and extruded through a spin-
ning nozzle at a rate of 50 m/min, rapidly cooled under
tension and taken up. A plain-weave fabric was then
constructed using a thread-like bundle of ten filaments.

When put in water, this plain-weave fabric disap-
peared in 15 seconds. On the other hand, the same
plain-weave fabric was locally heat-sealed (120°C, 1.5
seconds) to provide a firm local bond. When this fabric
was put in water, the whole fabric inclusive of the bond
disappeared in 18 seconds.

Example 2

One-hundred parts of a polyalkylene oxide com-
pound (weight average molecular weight 20,000) pre-
pared by block polymerization of ethylene oxide (85%),
propylene oxide (15%) and bisphenol A was mixed with
0.84 part of hexamethylene diisocyanate and a small
amount of dibutyltin dilaurate and the mixture was heat-
ed at 100°C to give a high molecular compound with a
weight average molecular weight of 250,000.

This compound was extruded in the same manner
as Example 1, cut to 2-3 mm and processed into a non-
woven fabric. Using this nonwoven fabric as a filter, a
used vacuum pump oil (containing 0.5% of water) was
purified. As a result, the water content was reduced to
0.02% and the oil came clear. This purified oil could be
reused with full competence.
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Comparative Example 1

When a plain-weave fabric of polyvinyl alcohol fiber
was put in hot water at 80°C, it disappeared in about 10
seconds. In water at 25°C, however, the fabric swelled
as its surface was wetted but remained to be dissolved
completely as yet even after one hour. On the other
hand, the same plain-weave fabric with a heat-sealed
local bond remained partially undissolved even in hot
water at 80°C.

Example 3

The high molecular compound A synthesized in Ex-
ample 1 was fed to a melt-spinning apparatus, where it
was melted at 120°C and extruded from a 1 mm (dia.)
spinning nozzle at a take-up rate of 30 m/min. The re-
sulting monofilament had a diameter of 40 um and a ten-
sile strength of 200 bar.

This fiber could be stretched in a draw ratio of 13 at
20°C and the stretched fiber had a diameter of 12 um
and a tensile strength of 390 bar.

At 50°C, the fiber could be stretched in a draw ratio
of 20 to give a filament with a diameter of 9 um. The
tensile strength of this filament was 550 bar.

Comparative Example 2

A wet-spun polyvinyl alcohol filament with a diam-
eter of 40 um could be stretched only to twice its initial
length at 20°C. The stretched filament had a diameter
of 28 um and a tensile strength of 500 bar.

It is, thus, apparent that in the case of the water-
soluble fiber according to the present invention, its large
elongation permits stretching into finer fiber even if the
filament as spun is not so fine. Moreover, spinning trou-
bles such as yarn breakage can be prevented in accord-
ance with the invention.

Claims

1.  Awater-soluble fiber composed of a high molecular
compound with a weight average molecular weight
of not less than 10,000, which high molecular-com-
pound is obtainable by reacting a polyalkylene ox-
ide compound, which is obtainable by addition po-
lymerization of an ethylene oxide-containing
alkylene oxide and an organic compound contain-
ing two active hydrogen atoms, with a polycarbox-
ylic acid, an anhydride thereof, a lower alkyl ester
thereof, or a diisocyanate.

2. Awater-soluble fiber according to claim 1 which has
an elongation of 500 to 3,000 percent.

3. A method of manufacturing a water-soluble fiber
which comprises spinning a high molecular com-



5 EP 0 451 786 B1 6

pound with a weight average molecular weight of
not less than 10,000, which high molecular com-
pound is obtainable by reacting a polyalkylene ox-
ide compound, which is obtainable by addition po-
lymerization of an ethylene oxide-containing
alkylene oxide and an organic compound contain-
ing two active hydrogen atoms, with a polycarbox-
ylic acid, an anhydride thereof, a lower alkyl ester
thereof, or a diisocyanate.

A method of manufacturing a water-soluble fiber ac-
cording to claim 3 wherein the fiber as spun or in
the course of spinning is stretched in a draw ratio
of 5 to 30.

Patentanspriiche

1.

Wasserl6sliche Faser aus einer hochmolekularen
Verbindung mit einem Gewichtsmittel des Moleku-
largewichts von nicht weniger als 10 000, wobei die
hochmolekulare Verbindung durch Umsetzen einer
Polyalkylenoxidverbindung, die durch Additionspo-
lymerisation eines Ethylenoxid enthaltenden Alky-
lenoxids erhaltlich ist, und einer organischen Ver-
bindung mit zwei aktiven Wasserstoffatomen mit ei-
ner Polycarbonsaure, deren Anhydrid, deren niede-
ren Alkylester oder einem Isocyanat erhéltlich ist.

Wasserlésliche Faser geman Anspruch 1, die eine
Dehnung von 500 bis 3000 % hat.

Verfahren zur Herstellung einer wasserldslichen
Faser, welches das Verspinnen einer hochmoleku-
laren Verbindung mit einem Gewichtsmittel des Mo-
lekulargewichts von nicht weniger als 10 000 um-
faBt, wobei die hochmolekulare Verbindung durch
Umsetzen einer Polyalkylenoxidverbindung, die
durch Additionspolymerisation eines Ethylenoxid
enthaltenden Alkylenoxids erhéltlich ist, und einer
organischen Verbindung mit zwei aktiven Wasser-
stoffatomen mit einer Polycarbonsé&ure, deren An-
hydrid, deren niederen Alkylester oder einem Iso-
cyanat erhaltlich ist.

Verfahren zur Herstellung einer wasserldslichen
Faser gemafl Anspruch 3, wobei die gerade ver-
sponnene Faser oder die Faser im Verlauf des Ver-
spinnens in einem Verstreckungsverhaltnis von 5
bis 30 verstreckt wird.

Revendications

Fibre soluble dans I'eau constituée d'un composé
de haut poids moléculaire ayant un poids molécu-
laire moyen en poids n'excédant pas 10 000, ce
composé de haut poids moléculaire pouvant étre
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obtenu en faisant réagir un composé oxyde de po-
lyalkyléne, susceptible d'étre obtenu par polyméri-
sation d'addition d'un oxyde alkyléne contenant de
'oxyde d'éthyléne, et d'un composé organique
ayant deux atomes d'hydrogéne actifs, avec un aci-
de polycarboxylique, un anhydride correspondant,
ou un alkyle ester inférieur correspondant ou un dii-
socyanate.

Fibre soluble dans I'eau selon la revendication 1 qui
a une élongation de 500 & 3 000 %.

Procédé pour la préparation d'une fibre soluble
dans l'eau qui consiste a filer un composé de haut
poids moléculaire ayant un poids moléculaire
moyen en poids n'excédant pas 10 000, ce compo-
sé a haut poids moléculaire pouvant étre obtenu par
réaction d'un composé d'oxyde de polyalkyléne ob-
tenu par polymérisation d'addition d'un oxyde alky-
I&ne contenant de I'oxyde d'éthyléne et d'un com-
posé organique ayant deux atomes d'hydrogéne
actif, avec un acide polycarboxylique, un anhydride
correspondant ou un ester d'alkyle inférieur corres-
pondant ou un diisocyanate.

Procédé de préparation d'une fibre soluble dans
I'eau selon la revendication 3 dans laquelle la fibre
telle que filée ou en cours de filature est étirée dans
un rapport d'étirage de 5 a 30.
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