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(54) HYGROSCOPIC FILAMENTS AND FIBERS

(71) We, BAYER AKTIENGESELLSCHAFT, a body corporate organised under the
Laws of Germany of 509 Leverkusen, Germany do hereby declare the invention, for which
we pray that a patent may be granted to us, and the method by which it is to be performed,
to be particularly described in and by the following statement:

This invention provides a process for the production of hygroscopic fibres and filaments,
and more particularly provides a process for the production of hydrophilic fibres and

filaments from filament-forming synthetic polymers by dry-spinning polymer solution.

It has already been proposed to produce hydroscopic filaments and fibres from
filament-forming synthetic polymers by adding to the spinning solvent from 5 to 50% by
weight, based on solvent and solids, of a substance which is essentially a non-solvent for the

lymer, which has a higher boiling point than the solvent used and which is readily
_miscible both with the spinning solvent and with a liquid suitable for washing the filaments,
and subsequently washing this non-solvent out of the filaments produced. Preferred
non-solvents in this process are polyhydric alcohols such as glycerol, sugar, and glycols.

Fibres such as these spun from acrylonitrile polymers for example have a core-jacket
structure and a water retention capacity of at least 10%. The higher the proportion by

~ weight of non-solvent added, the greater the extent to which the filaments are hygroscopic.

It has now surprisingly been found that hygroscopic filaments and fibres of the type in
question can also be obtained, if, before their solidification, the filaments are brought into
contact with water vapour or with the vapour of another liquid which coagulates the
filaments, and are thus solidified.

Accordingly, the present invention provides in one aspect a process for the production of
hygroscopic filaments and fibres from filament-forming synthetic polymers by dry spinning
a polymer solution, wherein immediately they issue from the spinning jet, or at the latest at
a time when their solidification is not yet complete, the filaments are brought into contact
either with water vapour or with the vapour of another liquid which is capable of
coagulating the filaments.

The polymers spun by the process according to the present invention are polymers which
are not normally hydrophilic, and are preferably acrylonitrile polymers or more preferably,
acrylonitrile polymers containing at least 50% by weight, especially at least 85% by weight,
of acrylonitrile units.

The process according to the present invention may also be used for the production of
two-component or modacrylic fibres, fibres of homopolymers, spin-dyed fibres and also
fibres of polymer blends, for example mixtures of acrylonitrile polymers and polycarbon-
ates. It is also possible in accordance with the present invention to use linear, aromatic
polyamides such as, for example, the polyamide of m-phenylene diamine and isophthalic
acid, or polyamides which may also contain heterocyclic ring systems such as, for example,
benzimidazoles, oxazoles or thiazoles and which can be produced by dry spinning from a
spinning solution with a solvent to be evaporated.

Other suitable compounds are polymers having melting points above 300°C which, in

_ general, can no longer be spun from the melt and which are produced by a solution spinning
- process, for example by dry spinning.

The spinning process s in principle a conventional dry spinning process, preferably from
strongly polar organic solvents, such as dimethyl formamide, dimethyl acetamide and

dimethyl sulphoxide. However, it is also possible to spin mixtures of polymers, spinning
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solvents and non-solvents for the polymer such as for example, water, polyhydric alcohols
and glycols which can be mixed with the spinning solvent to form a solution.

In addition to water vapour, vapours which may be used in accordance with the invention
for coagulating the unsolidified filaments are any vapours of substances which represent a
non-solvent for the spun polymers, particularly acrylonitrile polymers, such as for example,
in the case of acrylonitrile polymers, monosubstituted and polysubstituted alkyl ethers and
esters of polyhydric alcohols, such as diethylene glycol, triethylene glycol, tripropylene
glycol, triethylene glycol diacetate, tetraethylene glycol and glycol ether acetates. Alcohols,
such as 2-ethyl cyclohexanol, glycerol, esters or ketones, or mixtures, for example of
ethylene glycol acetates, are also suitable. In addition to water, particularly preferred
substances are those which can readily be evaporated, have a high flash point and are
substantially non-inflammable, for example methylene chloride and carbon tetrachloride.

Depending upon the point at which, and the intensity with which, the vapour is blown
onto the polymer filaments, and also upon the thermal conditions prevailing in the spinning
duct, it is possible ta control both the cross-sectional structure and the width of the jacket,
and also the hygroscopicity of the filaments. It has been found that core-jacket fibres having
substantially round to circular cross-sectional forms, a very thin jacket occupying at most
25% of the total cross-sectional area and an extremely high water retention capacity of 60%
and higher are always obtained when spinning is carried out at low duct temperatures of at
most 140°C, preferably in the range from 20 to 120°C (cf. Table 1, Nos. 1 to 3).

At higher duct temperatures, preferably above 160°C, the core-jacket fibres obtained
have substantially oval to trilobal cross-sectional forms water retention values of from about
20 to 60%, the jacket area contributing up to about 60% of the total cross-sectional area.

The thickness and, hence, the border width of the jacket area can be controlled by
selecting the ratio of air to vapour mixture in such a way that, with large quantitites of
vapour and small quantitites of air, core-jacket fibres with a large border width of the jacket
area, which can contribute up to 75% of the total cross-sectional area of the fibre, are
preferably obtained (cf. Table 1, No. 21).

If, by contrast, only a little steam by comparison with the amount of air is used in the
spinning process, the core-jacket fibres obtained increasingly approximate the dumbbell
form characteristic of dry spun fibres and have a correspondingly low water retention
capacity (cf. Table 1, Nos. 5 and 6).

The cross-sectional structure of the core-jacket fibres was determined from photographs
taken with an electron microscope. For determining the core and jacket components of the
fibres, approximately 100 fibre cross-sections are evaluated by quantitative analysis with the
“Classimat” (Registered Trade mark) image analyser manufactured by the Leitz company.

In the process according to the present invention, the vapour is preferably blown in above
the spinning jet, in the direction of the air stream and the filament take-off path. However,
the vapour can also be blown on transversely to the filaments below the spinning jet
providing no excessive turbulence is generated.

In order to avoid excessive condensation of water vapour and solvent mixtures in the
spinning duct, a duct temperature of more than 100°C and preferably from 105° to 140°C
has proved to be optimal for the shortest possible duct lengths, for example 1 metre. As
previously mentioned, the jacket width and porosity of the filaments can be controlled
according to the intensity with which the vapour is blown in, i.e. it is readily possible in this
way to determine the degree of lustre and the dyeability of the spun filaments as required
for their subsequent applications. ,

In principle, the non-solvent vapours, preferably water vapour, more preferably
Sa?tir?ted steam, may be allowed to act for as long as the filament material is not completely
solidified.

Accordingly, the process according to the present invention, may also be carried out with
advantage by exposing the bundle of filaments to the action of vapour by means of a jet or a
tube immediately after they have left the spinning duct. Hygroscopic, porous core-jacket
fibres are also formed in this case.

Vapour-air mixtures are preferably used for the vapour treatment in the process
according to the present invention because they may be controlled by the temperature in
such a way that no significant condensation occurs in the spinning duct. Where spinning is
carried out in a pure vapour atmosphere, the filaments obtained have very little lustre
whereas, by spinning in mixtures of vapour and air, it is possible to obtain high-lustre
filaments with extremely good hygroscopic properties. However, the objects of the
invention cannot be achieved with superheated steam.

The necessary quantities of vapour and air are, of course, determined by the particular
dimensions of the spinning duct and by the particular process parameters, such as spinning
rate, spinning temperature, duct temperature, and solution concentration, as well as by the
required filament properties. These conditions may be adapted to one another for each
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individual case by corresponding preliminary tests.

Splinning with a spinning duct 600 cm long and 30 cm in diameter produced the following
results:

If, during spinning, the quantity of air is reduced below a critical quantity, the gas volume
present for small amounts of steam is so low that the polymer solution can no longer be
spun. The lower spinnability limit lies at around 2 cubic metres of air per hour per kg of
spinning material for a minimum quantity of vapour of 1 kg per hour (cf. Table 1, No. 22).

The minimum amount of water vapour blown in which is required to produce core-jacket
fibres which are still hygroscopic amounts to approximately 1 kg per kg of spinning material
at a duct temperature of 20°C for a normal polyacrylonitrile spinning solution having a
concentration of 30%.

If, however, a mixture of polymer, spinning solvent and non-solvent is used, even small
quantitites of vapour amounting to 0.1 kg per kg of spinning material are sufficient to
considerably increase the water retention capacity of core-jacket fibres such as these (cf.
Example III, b and c).

At higher duct temperatures, particularly above 160°C, a larger quantity of vapour,
preferably about 10 kg of vapour per hour per kg of spinning material, is necessary.

If the vapour is applied to the filaments outside the spinning duct, for example through a
nozzle, 5 kg of vapour per hour per kg of spinning material are generally sufficient for
obtaining hyrgroscopic, porous core-jacket filaments.

The invention is further illustrated by the following non-limitative Examples, in which
the parts and percentages quoted are based on weight, unless otherwise indicated.

Example 1

An acrylonitrile copolymer of 93.6% of acrylonitrile, 5.7% of methylacrylate and 0.7%
of sodium methallyl sulphonate having a K-value of 81 was dissolved in dimethyl formamide
(DMF) at 80°C. The filtered spinning solution, which had a final concentration of
approximately 30% by weight, was dry spun from a 180-bore spinning jet. 25kg/hour of
saturated steam and 10 cubic metres/hour of air at 150°C were blown into the spinning duct
(fength 600 cm, diameter 30 cm) above the spinning jet. The duct temperature was 140°C.
Approximately 5.8 kg of vapour were consumed for every kg of spun material produced.
The filaments had a DMF-content of 59%, based on polymer solids. The filaments having
an overall denier of 2400 dtex were collected on bobbins and combined to form tow having
a denier of 68,400 dtex. The tow was then drawn in a ratio of 1:4.0 in boiling water, washed,
provided with an antistatic preparation, dried at 120°C with 20% permitted shrinkage, and
crimped and cut into 60 mm long staple fibres. The individual fibres with a final denier of
3.3 dtex had a water retention capacity according to DIN 53814 of 63%. The fibres had a
pronounced core-jacket structure with an oval cross-sectional form. The jacket area
contributed approximately 45% of the total cross-sectional area.

Further Examples are summarised in Table 1 below. The spinning solution were spun
into core-jacket fibres with a final denier of 3.3 dtex and aftertreated in the same way as
described in Example 1. The quantities of vapour and air, the duct temperature and the air
temperature were all varied during the spinning process. The polymer described above was
useg as the solid.
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As can be seen from the Table, there are distinct relationships between the
cross-sectional form, the jacket width, the water retention capacity and appearance of the
porous core-jacket fibres.

Dull highly hygroscopic fibres with generally a circular cross-section and a thin jacket
area contributing less than 30% of the total cross-sectional area are obtained at duct
temperatures below 140°C, preferably in the range from 20 to 120°C (nos.1 to 3). The water
retention capacity decreases considerably with increasing duct temperatures, the filaments
become lustrous and also change into the dumbbell form at around 160°C (nos. 4 to 6).

In addition, dull filaments with substantially round cross-sections, but with increased
jacket widths contributing upwards of around 40% of the total cross-sectional area are
formed with small quantities of air and at low air temperatures (nos. 12 and 7), with large
quantities of vapour upwards of around 5 kg of vapour per kg of spun material (nos. 19 to
21) and where spinning is carried out in a pure vapour atmosphere (no. 11).

Lustrous fibres with water retention values of more than 10% are preferably obtained at
duct temperatures above 120°C (nos. 4 and 5), at air temperatures upwards of 100°C (nos. 8
to 10), with quantities of air in excess of 5 cubic metres per hour, preferably upwards of 10
cubic metres (nos. 13 and 14) and with quantities of vapour below 5 kg of vapour per kg of
spun material (nos. 17 and 18).

As can be seen in Nos. 15 and 16 in Table I, the fibres obtained with quantities of vapour
below 1 kg per kg of spun material show inadequate hygroscopic properties. The fibres have
the dumbbell form typical of dry spun fibres.

Example 2

64 kg of dimethyl formamide were mixed with 4 kg of water at room temperature in a
vessel. 32 kg of an acrylonitrile copolymer with the same chemical composition as in
Example 1 were then added with stirring. The suspension which had a polymer solids
content of 32% by weight was delivered by a gear pump to a heating vessel and heated to
130°C. The residence time in the heating vessel was 3 minutes. The spinning solution was
then filtered and delivered directly to a 380-bore spinning jet. 10 kg/hour of saturated steam
and 40 cubic metres/hour of air at 120°C were blown into the spinning duct above the
spinning jet. The duct temperature was 140°C. Approximately 1.75 kg of steam were
assumed for every kg of spun material produced. The filaments had a DMF content of 51%,
based on polymer solids. The filaments having an overall denier of 3800 dtex were collected
on bobbins, combined to form a tow having a denier of 478,800 dtex and aftertreated in the
same way as described in Example 1 to form fibres having a final denier of 3.3 dtex. The
fibres had a water retention capacity of 33%. They had a pronounced core-jacket structure
with a bean-shaped to trilobal cross-sectional form. The jacket area contributed
approximately 15% of the total cross-sectional area.

Example 3

a) 60 kg of DMF were mixed with 10 kg of glycerol at room temperature in a vessel. 30 kg
of an acrylonitrile copolymer with the same chemical composition as in Example 1 were
then added with stirring. As in Example 1, the suspension was dissolved, filtered and dry
spun under similar steam and air conditions from a 380-bore spinning jet. Approximately
1.9 kg of steam were consumed per kg of spun material produced. The filaments had a
DMEF content of 54%, based on polymer solids. The filaments having an overall denier of
3560 dtex were again doubled to form a tow and aftertreated in the same way as in Example
1 to form fibres having a final denier of 3.3 dtex. The fibres had a water retention capacity
of 74%. They had a pronounced core-jacket structure with an oval to bean-shaped
cross-sectional form. The jacket area contributed approximately 20% of the total
cross-sectional area.

b) 0.1 kg of steam per kg of spinning material was blown in the spinning direction onto
part of the spinning solution as it issued from the spinning jet. The filaments having an
overall denier of 3560 dtex were again aftertreated in the same way to form fibres having a
final denier of 3.3 dtex. The fibres had a water retention capacity of 36%.

Example 4

60 kg of DMF were mixed with 5 kg of tripropylene glycol at room temperature in a
vessel. 35 kg of an acrylonitrile copolymer with the same chemical composition as in
Example 1 were then added with stirring, after which the suspension dissolved, filtered and
dry spun from a 72-bore spinning jet in the same way as described in Example 2. 12 kg/hour
of methylene chloride vapours and 10 cubic metres/hour of air at 40°C were blown into the
spinning duct above the spinning jet. The duct temperature was 24°C. Approximately 6.2
kg of methylene chloride vapour was consumed per kg of spun material produced. The
filaments had a DMF content of 76%. based on polymer solids. The filaments having an

10

15

20

25

30

35

45

50

55

65



.1 568 495

‘lﬂ

15

45

55

overall denier of 1620 dtex were again collected on bobbins, doubled and aftertreated in the
same way as described in Example 1 to form fibres having a final denier of 6.7 dtex. The
fibres had a water retention capacity of 102%. They had a pronounced core-jacket structure
with a circular cross-sectional form. The jacket area contributed approximately 5% of the
total cross-sectional area.

Example 5

A spinning solution of an acrylonitrile copolymer with the same composition and
concentration as described in Example 1 was dry spun from a 180-bore spinning jet. 20
cubic metres/hour of air at 50°C were blown in. The duct temperature was 120°C. The
filaments had a DMFE-content of 41%, based on polymer solids. Immediately on issuing
from the spinning duct, the filaments having an overall denier of 2400 dtex were sprayed
with 60 kg/hour of saturated steam from a nozzle in the filament take-off direction. The
nozzle was accomodated in a box with an outlet for the condensate. The consumption of
steam amounted to approximately 13.9 kg of steam per kg of spun material produced. The
filaments were then collected on bobbins, doubled to form a tow with an overall denier of
684,000 and aftertreated in the same way as described in Example 1 to form fibres having a
final denier of 3.3 dtex. The fibres had a water retention capacity of 34%. They had a
core-jacket structure with a bean-shaped to oval cross-sectional form. The jacket area
contributed approximately 20% of the total cross-sectional area.

Example 6

a) A spinning solution of an acrylonitrile copolymer having the same composition and
concentration as in Example 2 was dry spun from a 380-bore spinning jet. 10 kg/hour of
saturated steam, but no air, was blown into the spinning duct above the spinning jet. The
duct temperature was 88°C. Approximately 1.7 kg of steam were consumed per kg of spun
material produced. The filament had a DMF content of 46%. based on polymer solids. The
filaments having an overall denier of 3800 dtex were collected on bobbins, doubled to form
a tow and after-treated in the same way as in Example 1 to form fibres having a final denier
of 3.3 dtex. The filaments had a water retention capacity of 119%. Once again they had a
core-jacket structure with an oval to round cross-sectional form. The jacket area
contributed approximately 30% of the total cross-sectional areas. The fibres were
extremely dull.

b) A spinning solution with the same composition and concentration was similarly spun.
Instead of 10 kg of saturated steam, 37 kg/hour of saturated steam was blown into the duct
above the spinning jet. 6.5 kg of steam were used per kg of spun material produced. The
filaments had a DMF content of 70%, based on polymer solids. The filaments were
similarly aftertreated to form fibres having a final denier of 3.3 dtex. The fibres had a water
retention capacity of 131%. Once again the fibres had a core-jacket structure with an oval
to round cross-sectional form and were extremely dull. The jacket area contributed
approximately 50% of the total cross-sectional area.

Example 7

5.3 kg of an acrylonitrile copolymer of 93.6% of acrylonitrile, 5.7% of methyl acrylate
and 0.7% of sodium methallyl sulphonate were dissolved in 13.6 kg of DMF at 90°C. In
addition, 5.3 kg of a polymer mixture consisting of 4.5 kg of acrylonitrile homopolymer and
0.8 kg of an acrylonitrile copolymer of 91% of acrylonitrile, 5.6 % of methylacrylate and
3.4% of sodium methyallyl sulphonate, were dissolved in 16.3 kg of DMF at 100°C. Both
solutions were delivered to a bifilar jet in a ratio of 1:1 and spun side-by-side. 10 kg/hour of
saturated steam and 10 cubic metres/hour of air at 150°C were blown into the spinning duct
above the spinning jet. The duct temperature was 140°C. Approximately 2.4 kg of steam
were consumed per kg of spun material produced. The filaments were doubled to form a
tow, drawn in a ratio of 1:3.6 in boiling water, washed. prepared, dried under tension at
110°C, crimped, cut and fixed in steam for 1.5 minutes. The fibres, which had an individual
denier of 3.3 dtex, showed a water retention capacity of 54%. They had a pronounced
core-jacket structure with a mushroom-like cross-section. The jacket area contributed
approximately 50% of the total cross-sectional area. The fibres contained approximately 11
crimp arcs per cm and a crimp contraction of 10.2%. The crimp was permanent and
remained substantially intact on treatment with water at boiling temperature.

Example 8
a) Part of the spinning solution of Example 6 was spun at a duct temperature of 200°C
instead of 88°C under otherwise the same conditions and aftertreated to form fibres with a

final denier of 3.3 dtex. The fibres had a water-retention capacity of 24%. Once again they

had a core-jacket structure with a trilobal to T-shaped cross-sectional form. The jacket area
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contributed less than 5% of the total cross-sectional area.

b) When spinning was carried out at a duct temperature of 140°C under otherwise the
same conditions, core jacket fibres with an oval to trilobal cross-sectional form were
obtained. The jacket area contributed approximately 30% of the total cross-sectional area
and the fibres had a water retention capacity of 49%.

WHAT WE CLAIM IS:

1. A process for the production of hydrophilic filaments or fibres from filament-forming
synthetic polymers by dry spinning a polymer solution, wherein immediately they issue
from the spinning jet, or at the latest at a time when their solidification is still not complete,
the filaments are brought into contact with water vapour or with the vapour of another
liquid which coagulates the filaments.

2. A process as claimed in Claim 1, wherein the polymer is an acrylonitrile polymer.

3. A process as claimed in Claim 2, wherein at least 50% by weight of the acrylonitrile
polymer consists of acrylonitrile units.

4. A process as claimed in Claims 1 to 3, wherein the vapour is blown into the spinning
duct above the spinning jet in the spinning direction.

5. A process as claimed in Claims 1 to 4 wherein the spinning duct temperature is more
than 100°C.

6. A process as claimed in Claim 5 wherein the spinning duct temperature is from 105 to
140°C.

7. A process as claimed in Claim 2 wherein the liquid which coagulates the filaments is a
monosubstituted or polysubstituted alkyl ether or ester of a polyhydric alcohol.

8. A process for the production of hydrophilic filaments or fibres from filament-forming
synthetic polymers as claimed in Claims 1 to 7, substantially as hereinbefore described with
particular reference to the Examples.

9. Hydrophilic filaments or fibres whenever prepared by a process as claimed in any of
claims 1 to 8.

ELKINGTON AND FIFE,
Chartered Patent Agents,
High Holborn House,
52/54 High Holborn,
London WC1V 6SH.
Agents for the Applicants.
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